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ABSTRACT 
Citrus limon commonly known as lemon is the third most cultivated citrus genus in South 
Africa mainly cultivated for its juice. This study aims at analysing the chemical 
composition of Citrus limon waste (leaf and peel) and evaluation of their insecticidal 
properties. 
Leaves and peels of Eureka lemons were collected from three South African citrus 
farms (Addo, Riverside and Mystic), while Lisbon lemons were only collected from two 
citrus farms (Addo and Riverside) in 2017 and 2018. A total of 36 essential oils were 
extracted using the Clevenger like apparatus. Analyses of these oils were done using 
GCMS. An infusion extract of C. limon was prepared according to the standard method 
and subjected for phytochemical screening to detect and quantify secondary 
metabolites present. 
D-Limonene was the major compound identified in all the 36 oils from Eureka and Lisbon 
peels and leaves (27.9-74.8%). Other dominant compounds identified in Eureka leaf and 
peel oils were -pinene (5.8-13.2%), -terpinene (4.8-6.7%), geranial (4.0-15.4%), z-
citral (6.7-11.7%), sabinene (4.5-6.3%), nerol (4.0-5.4%) and neryl acetate (6.3-9.5%). 
Some compounds were however present only in some oil such caryophyllene (6.5%) in 
Mystic dry leaf oil, geraniol (8.0%) in Addo dry leaf oil, as significant compounds.  Lisbon 
leaf and peel essential oils -pinene (4.4- 11.8%), p-cymene (4.2-6.3%), -terpinene 
(4.4-6.9%), geranial (8.6-17.3%), z-citral (7.1-13.6%), neryl acetate (4.7-9.1%) (5.4-
5.9%) were the other prominent peaks identified in the oils.  
These C. limon essential oils were further tested for insecticidal activities against maize 
weevils by conducting repellent assay, fumigant assay and contact toxicity; also plant 
viii 
 
powder was used against maize weevils. In general, for all the bioassay, mortality of the 
insect increased as the contact days with the oil increased.  Contact toxicity assays of C. 
limon peel essential oils were most effective against S. zeamais in which all weevils were 
dead by day 3 (100% mortality) at 300 µL, while at other concentrations (50, 100, 200 
µL) over 50% mortality was observed. The fumigant potential was high with the peel oil 
with over 50% mortality at 32 and 40 µL in day 4.  The oil had moderate repellent effect 
on the maize weevil. Riverside Eureka dried powder peel was the most effect in all. 
These results unveil the medicinal potential of South African citrus waste in post-harvest 
crop protection and good sources of some chemical compounds which are of medicinal 
value. Furthermore, this study also reveals the economic potential of these wastes in job 
creation.  
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Chapter 1 
Introduction and Literature review 
1.1 Introduction 
1.1.1 Citrus limon 
Lemons are the world’s third most popular citrus species after orange and mandarin, 
which are mostly produced in Argentina and are scientifically known as Citrus limon 
(Gozalez-Molina, 2010; Kawaii et al., 2000). Citrus limon is a common name used for 
various species of lemon e.g. Lisbon lemon, Eureka lemon (Figure 1.1 and Figure 1.2). 
C. limon is a rich source of many bioactive compounds such as flavonoids, ascorbic 
acid, citric acid and minerals in its various morphological parts namely: fruit, fruit peel 
and leaf (Mohammad and Hassan, 2017; Penistone et al., 2008). Citric acid, being the 
major acid in lemon, constitutes about 5 to 6% of the lemon’s juice. It is believed that 
the acid enhances weight loss, thus the main purpose people are taking lemon is for 
weight loss acclaimed potential (Rauf et al., 2014; Penniston et al., 2008). Other acids 
are also present, although in much lower concentrations than citric acid of which malic 
acid is one of these (Tisserand et al., 2013).  
                      
      Figure 1.1: Lisbon lemon fruit                Figure 1.2: Eureka lemon fruit 
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In South Africa, lemon fruits are cultivated mainly for juice which has a 49.5% 
percentage of the fruit composition. It is also used as aroma flavour enhancers for 
medicine, soft and alcoholic beverages and food (Perez-Perez et al., 2005; Lota et al., 
2002). Lemons are grown in almost all the main citrus areas in South Africa, but mostly 
in the intermediate, cool and cold areas like the Eastern and Western Cape Provinces 
(Verreynne and Coetzee, 2010). The main citrus producing areas in the Eastern Cape 
are the Eastern Cape Midlands (Riverside farm), Sundays River Valley (Whyte Citrus 
farm, Sundays River Citrus and Addo river bend) and Patensie (Patensie Citrus limited), 
while in KwaZulu-Natal Province are Pongola; Nkwalini (Mystic) and KwaZulu-Natal 
Midlands (Citrus Growers association) (Figure 1.3) (Edmonds, 2016). 
 
Figure 1.3: Map showing citrus growing areas in South Africa 
     (Source: GAIN report, 2017) 
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There are more than five lemon varieties produced in South Africa but the most 
cultivated species are: Eureka, Eureka seedless, Lisbon, Genoa, Limoneria 8A (Edmond, 
2016). In this study, we are however focusing on only two lemon varieties, Eureka and 
Lisbon lemons which are the most cultivated when compared with others (Table 1.1).  
Table 1.1: Summary of South African C. limon production in 2015  
Lemon variety Production (ha) Production (%) 
Eureka 6798 82 
Lisbon 477 6 
Genoa 324 4 
Eureka seedless 249 3 
Limoneria 8A 197 2 
Others 217 3 
Grand total 8262 100 
Source: (Edmond, 2016) 
Lisbon lemon grows on small, thorny a tree which reaches a height of about 20 feet; 
they have dark green leaves arranged alternately on the stem (Mohanapriya et al., 
2013). They produce white fragrant flowers with five petals, oval citrus fruits with 
smooth, porous skin and with colours ranging from greenish yellow to bright yellow 
(Mohanapriya et al., 2013). Eureka and Lisbon lemons constitute 82 and 6% of the 
total lemon production in South Africa respectively. Lisbon fruit skin are generally 
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harder than Eureka fruits, hence has tolerance for greater cold and heat condition. 
(http://www.dpi.nsw.gov.au). 
Eureka lemon is the most widely grown lemon variety in Australia, United State of 
America, South Africa, Israel and Argentina. It is also a relatively new lemon variety of 
evergreen medium sized tree with glossy green leaves, beautiful scented flowers, and 
striking yellow fruit. The seed takes up to 15 years to bear fruits and it is also self-
pollinating. The tree is almost thornless and bears flowers and fruit in clusters on its 
branches throughout the year (http://www.dpi.nsw.gov.au).  
 
1.1.1.1 Medicinal importance of C. limon 
C. limon is an important medicinal plant with anticancer, antibacterial, antioxidant, anti-
haemorrhoidal and anti-lipid peroxidation activities which are due to the high content of 
limonene and some phenolic compounds (Baba et al., 2016; Del Riot et al., 2004). C. 
limon juice and essential oil are beneficial to the skin when consumed orally or applied 
externally as it rejuvenates the skin, keeps it shining, protecting skin from infections 
and reduces body odour (Mathew et al., 2012). Other medicinal uses include blood 
purifier, blood sugar balance, insomnia, osteoporosis, arthritis, nausea and also for 
treating throat infections according to Chaturvedi et al., (2016) and Bouzenna et al., 
(2016). C. limon juice has also been reported to be rich in potassium which enhances 
the removal of toxic substances and precipitates, deposited in kidneys, urinary bladder 
and, its disinfectant properties help cure infections in the urinary system (Chuku and 
Chinaka, 2014; Mohanapriya et al., 2013).  
 
5 
 
1.1.1.2 Economic value of C. limon 
South Africa is among the world’s most citrus producing countries with a total citrus 
production of 2102681 tonnes per year (2011/2012), of which, 441899 tonnes were 
processed into juice, thereby generating large quantities of waste in terms of citrus 
peels and leaves (Khan et al., 2015). Citrus peels have been found to be useful in 
providing low cost, high energy cattle feed (Negro et al., 2016). Although some of the 
waste has found its usage in animal feeds, majority of the waste are however allowed 
to decompose thereby generating toxic gases and environmental pollutants while its 
useful nutrients, including essential oils are lost. Those essential oils are known to be a 
rich source of bioactive compounds which are either not easy, or are expensive to 
synthesise (Bajpai et al., 2016; Janati et al., 2012; Lota et al., 2002).  
According to GAIN report (2017), production of lemons/limes in South Africa will 
increase by six percent to 420,000 MT in the 2017/18, from 397,000 MT in 2016/17 
based on normal weather conditions in the major growing areas and slight increases 
in area planted (GAIN Report, 2016). Citrus limon exports is expected to increase 
from 300,000 MT to 310,000 MT while domestic consumption is expected to increase 
from 17,000 MT to 18,000 MT in a period of 2016/17 to 2017/2018 (GAIN Report, 
2017). The Eastern Cape and Western Cape which produces about 46% and 10% of 
the lemons is forecasted to be less affected by the current drought conditions 
compared to other growing regions (GAIN report, 2016).  
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1.1.2 Plant secondary metabolites 
Secondary metabolites are chemical compounds that do not participate in plant 
metabolism, which also protect plants against insects (Shete et al., 2011). They are 
classified into three main groups according to their chemical structure and physical 
properties. The major classes are: Terpenes, phenolic and nitrogen containing 
compounds (Agostini-Costa et al., 2012). Terpenes and terpenoids are the largest 
group of plant produced secondary metabolites and most of these compounds are 
insoluble in water (Shete et al., 2011). Although some can be fully synthesised, there 
are some that cannot be synthesised due to their very complex structures coupled with 
expensive synthetic protocols. Nonetheless, terpenoids have been used since ancient 
time used as alternative for synthesised products as medicine, cleaning products, insect 
repellents and food condiments. Therefore, there is an urgent need to go deeper on 
searching for naturally occurring bioactive secondary metabolites such as terpenoids 
present in plants (Bajpai et al., 2016).  
 
1.1.2.1 Terpenoids 
Terpenoids are volatile substances which gives plants it fragrance in order to protect 
itself against herbivores and insects (Yadav et al., 2014). They are the largest family 
of natural products, well known as the main constituent of the essential oils and 
defensive components of the aromatic plants (Ramak et al., 2014).  Terpenoids with 
aromatic nature (essential oils) with higher concentrations have industrial uses such as 
pharmaceuticals, fragrances and agrichemicals (Mewalal et al., 2016; Schmidt, 2010; 
Aharoni et al., 2005). They have also been used in traditional medicine due to their 
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anti-inflammatory and pain relieving ability. Terpenoids such as monoterpenoids, 
sesquiterpenoids and diterpenoids have anti-inflammatory, anticancer, antitumor, 
antiviral and cytotoxicity activity (Hanson, 2015; Vargas et al., 2015; Salminen et al., 
2008).  Terpenoids are classified according to the number of isoprene units (Table 
1.2), which are mostly linked head-to-tail. Their biosynthesis is represented in Figure 
1.4. Although terpene is a large class of natural products containing subclasses such 
as monoterpenes, sesquiterpenes, diterpenes, triterpenes, tetraterpenes and 
polyterpenes (Table 1.2); however plant essential oils is rich mostly in the 
monoterpenes and sesquiterpenes subgroups (Mewalal et al., 2016). 
 
Table 1.2: Classification of terpenes according to the number of isoprene units 
Class No. of Isoprene units No. of Carbons 
Monoterpenes 2 10 
Sesquitepenes 3 15 
Diterpenes 4 20 
Triterpenes 6 30 
Tetraterpenes 8 40 
Polyterpenes n 5n 
 Source: (Yadav et al., 2014).   
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Figure 1.4: Biosynthesis of the major subclasses of terpenoids through IPP 
 
Monoterpenoids 
Monoterpenoids (C10) are formed by condensation of two isoprene units in a head to 
tail formation (Mewalal et al., 2016). They can be presented as acyclic, monocyclic, or 
bicyclic in nature.  Figure 1.5 shows examples of monoterpenoids that include geraniol 
(acyclic), -phellandrene (monocyclic) and -pinene (bicyclic). Monoterpenoids are 
mostly used as flavours in pharmaceutical and flavouring industries as well as in 
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agriculture for their smell enhancing properties (Ramak et al., 2014; Aharoni et al., 
2005).  
CH3 CH3
CH3
OH
CH3
CH3 CH3
CH3
CH3
CH2
Geraniol -Phellandrene -Pinene
 
Figure 1.5: Examples of monoterpenoids compounds 
 
Sesquiterpenoids 
Sesquiterpenoids (C15) are a class of chemical compounds made up of three isoprene 
units and are the second major constituents of many essential oil, which are formed 
by head to head coupling of one isoprene unit with geranyl phosphate molecule. 
(Abdallah and Quax, 2017). They are well known for their antitumor properties and 
cytotoxicity activities (Hanson, 2015). Examples of sesquiterpenoid include:  farnesol 
(acyclic), zinziberene (monocyclic) and cadinene (bicyclic) which are shown on Figure 
1.6. 
CH3 CH3
CH3
CH3
Farnesol Zinziberene
Cadinene
CH3 CH3
CH3
HOH2C
CH3
CH3
CH3 CH3
CH3
CH3
 
Figure 1.6: Examples of sesquiterpenoids compounds 
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1.1.3 Essential oils 
Essential oils are natural oily mixtures obtained from plant materials such as buds, 
flowers, fruits, leaves, twigs, peels and wood roots (Nazik, 2015). During ancient times, 
Jews and Egyptians used to obtain essential oils by soaking the plants in oil and then 
filtering the oil through a linen bag (Reeds, 2000), while nowadays essential oil in most 
cases are obtained by distillation method using Clevenger type apparatus (Hsouna et 
al., 2017; Ali-Jabri et al., 2014; Saumendu et al., 2012). Cold press, hydrodistillation 
and steam distillation are some of common methods used to obtain essential oil from 
plant parts (Chemat and Boutekejiret, 2015; Ahmad et al., 2006). Essential oils are 
generally analysed by analytical techniques such as GC-MS, GC-FID to determine the 
chemical constituents of the oils (Simas et al., 2017; Mehl et al., 2013; Ahmad et al., 
2006). Essential oils are composed of more than 200 different compounds, mainly 
formed of terpenoids and their oxygenated derivatives such as aldehydes, ketones, 
alcohols, esters and organic acids (Baba et al., 2016; Kamaliroosta et al., 2016; Mehl et 
al., 2013; Ahmad et al., 2006). They are immiscible with water but can transfer their 
odours to an aqueous layer; they dissolve only in organic solvents such as hexane, 
acetone, ethyl acetate and diethyl ether (Kamaliroosta et al., 2016).  Essential oil uses 
include aromatherapy, household cleaning products, personal beauty care, 
pharmaceutical and food industries (Kamaliroosta et al., 2016; Reeds, 2000).  
 
1.1.4 Maize Weevils 
Maize is the most important crop in the world especially in developing countries, since it 
provides staple food (Nwachukwu and Asawalam, 2014). Maize commonly known as 
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corn/umbona/umbila is a rich source of carbohydrates (Nwachukwu and Asawalam, 
2014). In developing countries such as South Africa, maize is one of the major sources 
of income especially to farmers and the country’s economy (Tagne et al., 2008). Stored 
maize is usually infested by many destructive insects such weevils, which are a problem 
since they reduce the quantity and quality of grain thus causing excessive economic 
instability (Oben et al., 2015; Moreira et al., 2007). Weevil is a type of beetle from the 
Curculionidea superfamily that contains the most destructive stored grains pests in the 
world. There are three major types of weevils: rice weevil: Sitophilus oryzae (L.), maize 
weevil: Sitophilus zeamais Motsch, granary Weevil: Sitophilus granarius (L.)  (Figure 
1.7) (Ebadollahi and Mahboubi, 2011).  
 
Figure 1.7: Maize weevil (A), rice weevil (B) and granary weevil (C) 
 
The first two species are major primary pests that have a virtually diverse distribution 
throughout the warmer parts of the world (Sun-Woong et al., 2016). The S. oryzae 
mainly attacks rice and wheat in stores, while S. zeamais is a serious primary insect of 
stored maize (Sun-Woong et al., 2016; Chu et al., 2012). Infestation begin in the field 
but serious damage takes place during storage of maize, while pupation takes place 
inside the grain and adults chew their way out through the outer layer of the grain 
A B C 
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(Suleiman et al., 2015; Zewar, 1993). Maize Damaged by weevils (Figure 1.8) results in 
food loss, poverty, loss of nutritional value of maize and results in the country’s 
economic instability due to decrease of exports (Suleiman et al., 2015).  
S. oryzae is highly affected by changes in temperature in which all stages of the 
pupation die in about a week at 0°C. On the other hand, S. zeamais tolerates lower 
temperatures than S. oryzae and can live for 37 days at 0°C (Zewar, 1993). The urge 
to find ways of controlling these weevils at a local level, necessitated this study. 
     
Figure 1.8: Maize with weevils (A), damaged maize (B) 
 
1.2 Literature review 
1.2.1 Essential oil extraction 
Most essential oils are isolated from plant parts through distillation and press method. 
However, the distillation method employed varies, depending on the nature of the oil or 
the plant material from which the oil is to be extracted. In a study from Pakistan, Javed 
et al., (2013) reported that plant essential oil was obtained by hydrodistillation using a 
Dean-stark assembly, whereas in most South African studies, essential oils are obtained 
by hydrodistillation using Clevenger-like apparatus (Lawal et al., 2016; Tankeu et al., 
A 
 
B 
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2013; Viljoen et al., 2006). Al-Jabri et al., (2014) from India and Saumendu et al., 
(2012) from Guwahati in their studies, extracted lemon peel essential oils by the 
hydrodistillation method using Clevenger-like apparatus. Another study from 
Switzerland obtained peel essential oils by the cold press method (Mehl et al., 2014). 
Distillation not withstanding is the most widely used and least expensive means of 
isolating essential oils as a volatile liquid from a non-volatile solutes or solids (Atkins et 
al., 2006). 
 
1.2.1.1 Essential oil analytic techniques 
Essential oils are mostly identified using various types of GC and GC-MS techniques (Ali-
Jabri et al., 2014; Bertuzi et al., 2013), although there are some reports of essential oil 
profiles being established using FTIR ( Mehl et al., 2013).  Report of researchers from 
Algeria, India, Brazil, Turkey and Italy reveal that C. limon peel essential oils were 
analysed by GC-MS methods (Ammad et al., 2018; Djenane et al., 2015; Rozza et al., 
2011). Recent studies have shown how NMR can be coupled to GCMS equipment such 
that individual compounds are being identified. In a study from France, C. limon leaf 
and peel essential oils chemical compositions were investigated by GC, GC-MS and 13C 
NMR (Lota et al., 2002); whereas another study from France analysed volatile 
compounds by GC-FID/MS and FT-MIR and the non-volatile residues by FT-MIR, 1H-
NMR and UHPLC-TOF-MS (Mehl et al., 2013). The Brazilian and Pakistan C. limon 
essential oils were both analysed by GC-FID even though the Brazilian study also used 
GC-MS (Simas et al., 2017; Ahmad et al., 2006).  
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1.2.2 Chemical analysis of lemon 
Many reports on the chemical composition of C. limon do exist however, the specific 
specie (Eureka or Lisbon) is not specified (Lota et al., 2002). Table 1.3 shows literature 
that have specified the reviewed lemon variety, while Table 1.4 presents the literature 
for C. limon peel essential oils of unspecified varieties 
 
Table 1.3: Lisbon and Eureka lemon leaf and peel major chemical compounds from 
literature. 
Major 
compounds 
Lisbon 
leaf % 
Eureka 
leaf % 
Lisbon 
peel % 
Eureka 
peel % 
Eureka peel % 
 France (Lota et al., 2002) Pakistan  
(Ahmad et al., 
2006) 
Limonene (A) 19.1 27.9 62.6 70.5 53.6 
β-pinene (B) 23.8 13.9 14.2 11.7 10.8 
Neral (C) 11.6 10.9 - - - 
Geranial (D) 15.9 16.4 - - - 
–terpinene (E) - - 11.1 6.3 18.6 
Myrcene (F) - - - - 10.2 
 
In a study from France by Lota et al., (2002) very little chemical difference was found 
between the two species studied in both leaf and peel. However, the difference 
between Eureka essential oil from France and that from Pakistan was pronounced in 
the percentage composition of some compounds such as limonene, -pinene and -
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terpinene. Furthermore, myrcene was only found from the Pakistan essential oil in 
noticeable percentage while completely absent in the France derived essential oil and 
his is possible due to different soil type, climatic conditions and many other 
environmental factors (Ahmad et al., 2006; Lota et al., 2002).  
Shown below are the major compounds identified and reported in the France and 
Pakistan C. limon in Table 1.4.  
CH3
CH2 CH3                 
CH2
CH3
CH3           
H
CH3
CH3
H
O
   
  (A)              (B)        (C) 
 
 CH3 CH3
CH3
O
            
CH3CH3
CH3               
CH2
CH3
CH3
CH2
   
   (D)        (E)      (F) 
 
 
 
 
 
16 
 
Table 1.4: C. limon peel essential oil chemical composition from literature 
Chemical 
composition 
Country of study 
 Italy1 
(%) 
India2 
(%) 
Turkish2 
(%) 
Brazil3 
(%) 
Brazil4 
(%) 
Algeria5 
(%) 
Algeria6 
(%) 
Limonene 54.6 53.6 78.0 70.8 53.9 61.7 51.4 
-pinene 14.5 7.4 5.1 13.2 13.1 10.2 17.0 
-Terpinene 19.1 - - 9.2 12.2 6.4 13.5 
-Terpineol - 15.2 4.6 - - - - 
-pinene - - 1.5 - - - 3.1 
geraniol - - - - - - 2.4 
Neral - - - - - 21.7 - 
-Myrcene - - 1.8 - - - 2.4 
-Linalool - - 1.0 - - - - 
-terpinen-4-ol - 3.6 - - - - - 
Cymene - 2.9 - - - - - 
E-Citral - 2.5 - - - - - 
Nerol - - - - - - 1.5 
Isocaryophyllene - - - - - - 1.2 
Neryl acetate - - - - - - 1.1 
1Bertuzi et al., 2013, 2Al-Jabri et al., 2014, 3Rozza et al., 2011, 4Simas et al., 2017, 
5Ammad et al., 2018, 6Djenane et al., 2015. 
 
The Italian, Brazilian and Algerian C. limon above (Table 1.4) seems to be of the same 
chemo type having the same major compounds (Simas et al., 2017; Djenane et al., 
2015; Bertuzi et al., 2013; Rozza et al., 2011), while the Indian and the Turkish C. 
limon was of another chemotype (Al-Jabri et al., 2014). It is noteworthy, that one of 
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the Algerian species was of a different chemotype reported by Ammad et al., (2018) 
when compared to the report of Djenane et al., (2015).   
 
1.2.3 Insecticidal activities of lemon 
Lemon peel oil has been reported to be toxic to mosquitoes and found that it can also 
be used as fumigants against adults or as larva mosquitoes (Oshaghi et al., 2003). C. 
limon peel powder from Malaysia was tested for its toxicity and repellency against rice 
weevils but unfortunately it did not give positive response (Azis et al., 2016). C. limon 
peel powder from Nigeria was found effective against maize weevils after four weeks of 
exposure (Mbah and Okoronkwo, 2008). Karaborklu et al., (2010) reported C.  limon 
leaf essential oil from Turkey to possess fumigant activity against dried bean beetle 
(Acanthoscelides obtectus adults), while in another study it was reported that C. limon 
peel essential oil was found to have a very low toxicity effect on Phyllaphis fagi both as 
fumigant and contact toxicity after 24 hours of exposure; and there was no response 
recorded against rice weevils (Yazdgedian et al., 2015; Karaborklu et al., 2010).  
 
1.3 Research problem 
South Africa produces around 8.0 million tons of maize annually, and maize is taken as 
a staple food. The maize production is interrupted by environmental conditions and 
insect such as weevils, which in turn has high negative impact on country’s economy. 
Maize weevil is a major class of storage insects which became a problem worldwide 
since they reduce the quantity and quality of grain. Currently used insecticides are 
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synthetic and are known to be toxic, so there is a need for natural product researchers 
to research on non-toxic, environmentally friendly and cheaper insecticides. 
There is a prediction of about six percent to increase in citrus production 420,000 MT in 
the 2017/18, from 397,000 MT in the 2016/17 in South Africa based on normal weather 
conditions in the major growing areas. It is important to note that as the productions 
are predicted to increase, so also the level of waste (leaves and peels). This will 
therefore pose a heavier environmental and health risk to the nation, since there will be 
no more creation of more harmful gases since wastes will be converted to useful 
products. This need therefore necessitated this study such that it provides opportunities 
to convert this waste and by-products to socio-economic and environmental benefits.   
 
1.4 Justification 
Citrus limon is one of the most grown citrus in South Africa and its mostly cultivated for 
its juice while the leaf and the peel are left to rot as waste products as they are too 
acidic to be used as feeds to animals (Negro et al., 2016). Literature has shown the 
biological potential of the essential oils of C. limon (Maruti et al., 2011; Tag et al., 
2014; Mathew et al., 2012). This study therefore aims at looking at the chemical profile 
or composition of some C. limon species from different locations in South Africa and 
evaluate their insecticidal properties in maize preservation. Furthermore, rrecent 
attention has been given to the possible use of bioactive natural products as promising 
alternatives to synthetic insecticides in controlling insect pests of stored products 
(Derkyi et al., 2010). To the best of our knowledge there has been no literature 
reporting on South African C. limon waste insecticidal potential against maize weevils. 
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1.5 Research questions 
i. Does geographical location affect the chemical composition? 
ii. Are the South African C. limon waste (leaves and peels) of main value to farmers 
and community? 
iii. Are C. limon wastes of any chain value? 
 
1.6 Aims and objectives of the study 
This study aims at isolating and analysing the chemical composition of Citrus limon leaf 
and peel and evaluation of their insecticidal properties against maize weevils.  
 
1.6.1 Objectives 
i. To isolate the essential oil of the C. limon leaf and peel by hydro-distillation  
ii. To determine qualitative and quantitative phytochemicals of C. limon 
iii. To determine the chemical composition of the essential oil of the C. limon 
iv. To investigate the insecticidal potential of C. limon leaves and peels 
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Chapter 2 
Phytochemical analysis 
2.1 Background: Phytochemicals 
Phytochemicals are biologically active groups of plant derived chemicals also known as 
secondary metabolites. Phytochemicals are not essential nutrients and therefore are not 
required by the human body for sustaining life, but do have important properties to 
prevent or to fight some common diseases (Oikeh et al., 2016; Hanson, 2015; Mathew 
et al., 2012; Holst and Williamson, 2008; Salminen et al., 2008).  
Phytochemical screening is the cheapest, easiest and fastest way of identifying 
secondary metabolites present in a particular plant (Suja et al., 2017; Geetha et al., 
2014). These metabolites include tannins, alkaloids, steroids, flavonoids, reducing 
sugars, proteins and carbohydrates (Suja et al., 2017; Miya et al., 2016). Qualitative 
phytochemical screening makes use of certain solvents such as water, ethanol, 
methanol, chloroform and acetone to screen the presence of phytochemicals present in 
a plant material (Suja et al., 2017; Alabri et al., 2014; Mathew et al., 2012). Suja et al., 
(2017) and Mathew et al., (2012) reported that the use of water for extracting the 
phytochemicals is the cheapest method.  
Known tests such Gelatin test and lead acetate test have been used to detect the 
presents of tannins, Mayer’s reagent and Dragendorff’s reagent for alkaloids, Millon’s 
reagent and Ninhydrin test for proteins and amino acids (Suja et al., 2017; Mathew et 
al., 2012). Some other metabolites such as flavonoids, saponins, terpenoids, glycosides 
and phenolic compounds were screened using standard procedures (Miya et al., 2016, 
Mir et al., 2013).   
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2.2 Research design  
Lemon plant materials (Figure 2.1) were collected from three South African citrus 
farms; two farms in the Eastern Cape (Riverside Farm and Addo River Bend Farm) in 
March 2017 and April 2018 and one farm from KwaZulu-Natal (Mystic Farm) in May 
2017. Plant authentication was done by Dr KE Immalmen and voucher specimens were 
deposited at Walter Sisulu University herbarium, Department of Biological and 
Environmental Sciences for future reference and were given voucher numbers: Nodola 
P2, Nodola P3, Nodola P4, Nodola P5 and Nodola P6. Lemon leaves and peels were    
air dried in the laboratory for three weeks before infusion, which were then used for 
both qualitative and quantitative phytochemical screening. 
   
Figure 2.1: South African lemon tree (A), lemon peels (B) and lemon leaves (C) 
 
2.3 Experimental design 
2.3.1 Infusion extraction 
Infusion extract (Figure 2.2) for each of the plant material was prepared according to 
the method reported by Miya et al., (2016).  Infusion of the leaf and peel extracts were 
obtained by soaking a definite weight of the plant material in boiled water and soaked 
for a definite time. 
A B C 
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Figure 2.2: Infusion extract for peel and leaf 
 
2.3.2 Qualitative phytochemical screening 
Nine phytochemical tests were conducted to detect the types of phytochemical 
components present in the infusion extract (Figure 2.2) of the lemon peel and leaf 
according to Mir et al., (2013). Tannins, saponins, flavonoids, terpenoids, glycosides, 
phenolic compounds, alkaloids, proteins and steroids were the secondary metabolites 
targeted for this study.  
Tannins: 0.5 g of each powdered plant sample was boiled in 20 mL of distilled water in 
a test tube and filtered. 0.1% FeCl3 was added to the filtered samples and the presence 
of tannins was established by the observation of a brownish green ring. 
Saponins: 2.0 g of each powdered plant sample was boiled together with 20 mL of 
distilled water in a water bath and filtered. 10 mL of the filtered sample was mixed with 
5 mL of distilled water in a test tube and shaken vigorously to obtain a stable persistent 
froth. The frothing was then mixed with 3 drops of olive oil and the formation of 
emulsion indicates the presence of saponins. 
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Flavonoids: Few drops of 1% NH4+ solution was added to the aqueous extract of each 
plant sample in a test tube. A yellow coloration indicates the presence of flavonoid 
compounds. 
Terpenoids: 5 mL of aqueous extracts was mixed with 2 mL of CHCl3 in a test tube. 3 
mL of concentrated H2SO4 was then carefully added to the mixture. The formation of a 
reddish brown interface indicated the presence of terpenoids. 
Glycosides: 1 mL of concentrated H2SO4 was prepared in a test tube and added to 5 
mL aqueous extract that was mixed with 2 mL of glacial CH3CO2H containing 1 drop of 
FeCl2. A brown ring indicating the presence of cardiac glycoside in the sample was 
observed.   
Phenolic compounds: 500 mg plant extract was dissolved in 5 mL of distilled water; 
to which few drops of 5% neutral ferric chloride solution was added. A dark green 
colour indicated the presence of phenolic compounds.  
Alkaloids: 1 mL of each extract was treated with few drops of Dragendorff’s reagents. 
Orange brown precipitate indicated the presence of alkaloids. 
Proteins: 0.5 mg of plant extract was treated with 0.5 mL of 40% NaOH solution and 
two drops of 1% copper sulphate solution was added. The appearance of violet colour 
indicated the presence of protein.  
Steroids: 1 mL of aqueous extracts was treated with 5 drops of concentrated H2SO4, 
a red colouration indicated the presence of steroids. 
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2.3.2 Quantitative phytochemical screening 
Quantitative analysis for this study was done according to Dyayiya et al., (2016) and 
Landan et al., (2014). 
Saponins: 20 g of powdered plant sample was placed in a conical flask and 100 mL of 
20% aqueous ethanol was added. The mixture was then heated in a hot water bath at 
55°C for 4 hours with continuous stirring, thereafter the mixture was filtered and the 
residue was re-extracted with 200 mL of 20% ethanol. The combined extracts were 
reduced to 40 mL over a water bath at 60°C under reduced pressure. The solution was 
then transferred into a 250 mL separatory funnel and 20 mL of diethyl ether was added 
and shaken vigorously. The ether layer was discarded while the aqueous extract was 
recovered.  The recovered extract was purified with 60 mL of n-butanol three times 
after which it was washed twice with 10 ml of 5% aqueous sodium chloride. After 
purifying, the purified extract was heated in a water bath to concentrate. The 
remaining solution was then dried in an oven at 35°C to a constant weight, the 
saponins content was calculated as a percentage of the starting material. 
Flavonoids: 10 g of the plant sample was extracted repeatedly with 100 mL of 80% 
aqueous methanol, at room temperature. The solution was filtered; the filtrate was 
transferred into a crucible and evaporated into dryness over a water bath, the dried 
extract was then weighed. The flavonoid content was calculated as a percentage of the 
starting material. 
Alkaloids: 5 g of plant sample was weighed into a 250 mL beaker and 200 mL of 10% 
acetic acid in ethanol was added and the solution was covered and allowed to stand for 
4 hours. The mixture was filtered and concentrated in a water bath to one quarter of its 
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original volume. Concentrated ammonium hydroxide was added drop-wise to the 
mixture until precipitation was complete. The solution was then allowed to settle and 
the precipitate formed was collected and washed with diluted ammonium hydroxide 
and then filtered. The alkaloid residue was dried and weighed. 
Tannins: 0.5 g of plant sample was weighed into a 50 mL bottle, 50 mL of distilled 
water was added and the bottle was shaken for an hour on a mechanical shaker. The 
solution was filtered into a 50 mL volumetric flask and filled up to the mark. The filtrate 
(5 mL) was transferred into a test tube and mixed with 2 mL of 0.1 M FeCl3 in 0.1 M 
HCl and 0,008 M potassium ferrocyanide. The absorbance was measured within 10 
minutes. The tannin content was calculated using Gallic acid standard curve.  
Terpenoids: 2 g of the plant sample was weighed and soaked in 50 mL of 95% 
ethanol for 24 hours, extract was then filtered and the filtrate was further extracted 
with petroleum ether (60-80°C) and concentrated to dryness. The dried ether extract 
was treated as total terpenoids. 
 
2.4 Results and discussion   
2.4.1 Qualitative phytochemical screening  
The phytochemical analysis with the aqueous extracts of the dried Citrus limon leaf and 
peel showed the presence of tannins, saponins, flavonoids, terpenoids, glycosides, 
phenolic compounds, alkaloids, proteins, steroids which are given in Tables 2.1 - 2.2. 
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Table 2.1: Phytochemical analysis of aqueous extracts of Eureka dried leaf and peel. 
High amount: +++ (40-60%); moderate amount: ++ (20-30%); slightly detected: + (1-19%); absent: - 
(0%); EDPA: Addo Eureka dried peel; EDPR: Riverside Eureka dried peel; EDPM: Mystic Eureka dried 
peel; EDLA: Addo Eureka dried leaf; EDLR: Riverside Eureka dried leaf; EDLM: Mystic Eureka dried leaf.  
 
 
 
Table 2.2: Phytochemical analysis of aqueous extract of Lisbon dried leaf and peel  
Phytochemicals EDPA EDPR EDPM EDLA EDLR EDLM 
Tannins ++ ++ + - - - 
Saponins + + + + + + 
Flavanoids ++ ++ ++ + ++ + 
Terpenoids ++ ++ ++ ++ + + 
Glycosides + + + + + ++ 
Phenolic compounds ++ + ++ ++ ++ ++ 
Alkaloids ++ +++ +++ + + + 
Steroids ++ ++ ++ ++ + + 
Proteins  ++ ++ ++ + + + 
Phytochemicals LDPA LDPR LDLA LDLR 
Tannins ++ + + - 
Saponins + + + + 
Flavanoids +++ +++ + ++ 
Terpenoids ++ ++ ++ ++ 
Glycosides ++ + ++ ++ 
Phenolic compounds ++ + ++ ++ 
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High amount: +++ (40-60%); moderate amount: ++ (20-30%); slightly detected: + (1-19%); absent: - 
(0%); LDPA: Addo Lisbon dried peel; LDPR: Riverside Lisbon dried peel; LDLA: Addo Lisbon dried leaf; 
LDLR: Riverside Lisbon dried leaf.  
 
All screened phytochemicals were present in all extracts except for tannins which were 
absent in all Eureka leaf extracts (Table 2.1) and in Riverside Lisbon leaf extract (Table 
2.2). Flavonoids were mostly abundant in peels than in leaves.  Mathew et al., (2012) 
and Suja et al., (2017) reported the absence of saponins in the Indian lemons which is 
in variance to our report. It is however difficult to complete compare our report on the 
South African Eureka and Lisbon lemons with these two reports as they did not specify 
the species they worked on. Furthermore, in Matthew’s report, the Indian lemon peel 
and pulp were both rich in alkaloids, whereas our current study indicates that the peels 
are rich in flavonoids than alkaloids and vice versa for leaf extracts (Mathew et al., 
2012). 
 
2.4.2 Quantitative phytochemical screening  
Quantitative phytochemical screening was performed on the leaf and peel to determine 
their flavonoids, alkaloids, saponins, terpenoids, and tannins content. The results are 
presented in the graphical method according to the phytochemicals (Figures 2.3 to 2.7) 
for comparative quantitation of major classes of compound in samples from the 
different farm products.  
Alkaloids ++ +++ +++ + 
Steroids ++ ++ ++ + 
Proteins  ++ ++ + + 
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EDP: Eureka dried peel; LDP: Lisbon dried peel; EDL: Eureka dried leaf; LDL: Lisbon dried leaf. 
Figure 2.3: Flavonoids quantity in South African C. limon 
 
Figure 2.3 shows the flavonoid content of the various parts of C. limon. It is observed 
that Addo Lisbon dried peel extract had the highest flavonoid content compared to 
Riverside Lisbon dried peel. All Eureka peel extracts contain lower amounts of flavonoids 
compared to Lisbon peels, while the flavonoid content in the leaf was lower in both the 
Eureka and Lisbon plant material. Riverside Eureka dried leaf contained a similar 
flavonoid quantity when compared with Addo Lisbon dried leaf, and they both have the 
highest quantity when compared to other leaf results. Flavonoids are a class of 
compounds known to have a broad spectrum of health-promoting effects and are an 
indispensable component in a variety of nutraceutical, pharmaceutical, medicinal and 
cosmetic applications. They are known to have anti-oxidant, anti-inflammatory, anti-
mutagenic and anti-carcinogenic properties coupled with their capacity to modulate key 
cellular enzyme function (Panche at al., 2016; Asif and Khodadadi, 2013).  South  
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African C. limon peels, although a waste are a rich source of flavonoids from our 
findings, which can be employed in the treatment and management of some diseases.  
 
 
EDP: Eureka dried peel; LDP: Lisbon dried peel; EDL: Eureka dried leaf; LDL: Lisbon dried leaf. 
Figure 2.4: Alkaloids quantity in South African C. limon 
 
It was observed that Riverside Lisbon dried peel extract had the highest alkaloid 
content compare to all studied dried peel and leaf extracts, followed by Addo Eureka 
dried peel which had almost same quantity with that for Mystic Eureka dried leaf 
(Figure 2.4). Although in most cases peel extracts had a higher quantity of alkaloids 
when compared to their leaf extracts except for Mystic leaf sample. It has been 
reported that lemons are mainly cultivated for their alkaloids content (Kawaii et al., 
2000). High quantity of alkaloids from C. limon is reported to be due to high 
concentration of citric acid. Alkaloids are known to act as antitumor agents, 
antibacterial, antimalarial agent, they also protect against damage in blood vessels and 
has dietary potential (Adeneye and Crooks, 2015). 
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EDP: Eureka dried peel; LDP: Lisbon dried peel; EDL: Eureka dried leaf; LDL: Lisbon dried leaf. 
Figure 2.5: Terpenoids quantity in South African C. limon 
 
The leaf samples tested had higher terpenoids content when compared to the peel 
irrespective of their site of collection or specie. Riverside and Mystic Eureka dried leaves 
had the highest terpenoid content along with Lisbon dried leaf from Addo followed by 
Riverside Lisbon dried leaf and Addo Eureka dried leaf. All the peel extracts had a lower 
quantity of terpenoids compared to all peel extracts (Figure 2.5). Citrus limon has been 
reported to be a rich source of terpenoids (Rauf et al., 2014) which is evident in their 
aromatic nature. They have been reported to have anti-inflammatory, anticancer, 
antitumor, antiviral and cytotoxicity effects (Hanson, 2015; Vargas et al., 2015; 
Salminen et al., 2008).  They also provide plants with a strong fragrance in order to 
protect itself against herbivores and insects (Yadav et al., 2014).   
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EDP: Eureka dried peel; LDP: Lisbon dried peel; EDL: Eureka dried leaf; LDL: Lisbon dried leaf. 
Figure 2.6: Saponins quantity in South African C. limon 
 
In Figure 2.6 above, Citrus limon peel contained a higher quantity of saponins than C. 
limon leaf. In terms of place of collection, Lisbon dried peel from Riverside and Eureka 
dried peels from Addo and Mystic possessed the highest quantities of saponins 
compared to the other peel and leaf extracts. Although Eureka dried peel from 
Riverside and Addo Lisbon dried peel had the lower saponins content compared to 
other peels, it was higher when compared to the leaf extracts. Both Lisbon and Eureka 
dried leaf extracts from Riverside had the highest saponins quantity compared to all 
other leaf extracts. Indian C. limon peel studies reported that the water extracts did not 
show the presents of saponins (Suja et al., 2017; Mathew et al., 2012), while our 
report on the South African C. limon peel water extracts showed the present of 
saponins although in small quantity. A number of therapeutic properties have been 
ascribed to saponins (Francis et al., 2002). These molecules are potent membrane 
permeabilizing agents. They are also immunostimulatory, hypocholesterolemic, anti-
carcinogenic, anti-inflammatory, anti-microbial, anti-protozoan, molluscicidal and have 
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anti-oxidant properties. Furthermore, they can impair gut protein digestion, and uptake 
of vitamins and minerals. Saponins are known to be toxic to insects due to their 
interaction with cholesterol causing a commotion of the synthesis of ecdysteroids. ‘3-
CilcA-28-AraRhaxyl-medicagenate’, a saponin compound was reported to be toxic 
against S. oryzae. Saponins have an array of properties that can have positive or 
negative effects in different animal hosts (Moses et al., 2014; Da Silva et al., 2012; 
Chaieb, 2000). 
 
 
EDP: Eureka dried peel; LDP: Lisbon dried peel; EDL: Eureka dried leaf; LDL: Lisbon dried leaf.   
Figure 2.7: Tannin quantity in South African C. limon 
 
Eureka dried leaf from the three farms and Riverside Lisbon dried leaf was found not to 
contain tannins (Figure 2.7), although tannins are present in very low quantity in other 
samples tested. Tannins are known to possess anti-inflammatory, anti-nutrients 
haemostatic, antidiarrheal, antihemorrhodial, antiparasitic and antibacterial effect 
(Ashok and Upadhyaya, 2012; Kolodzie and Kiderlen, 2005; Funatogawa et al., 2004).  
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2.5 Conclusion 
The Citrus limon have been reported to be rich in phytochemicals in the following order 
flavonoids, alkaloids, saponins and tannins (Ali et al., 2017). In this current study, C. 
limon peels are very rich in flavonoids with the following ranges in percentages (17.2 ± 
4.8% to 26.8 ±2 .4%), alkaloids (17.2 ± 4.8% to 20.0 ± 0.0%), saponins (12.0 ± 
2.4% to 14.8 ± 2.4%) as shown in Figures 2.3, 2.4 and 2.6; while terpenoids and 
tannins were present in small quantity in the peels (Figure 2.5 and 2.7).  Both Eureka 
and Lisbon leaf extracts were also rich in alkaloids (14.8 ± 2.4% to 18.8 ± 6.0%) and 
terpenoids (14.8 ± 2.4% to 16.0 ± 0.0%).  All studied C. limon extracts were rich in a 
number of phytochemicals with flavonoids dominating the peel extract while alkaloids 
and terpenoids dominates the leaf extracts. The presence of these phytoconstituents is 
indicative of the many biological activities that can C. limon waste may possess which 
maybe of promising medicinal value.  
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Chapter 3 
Isolation of the essential oil 
3.1 Background: Essential oil 
Essential oil has been used since ancient time for their fragrances, management of 
disease and household purposes. During ancient times, Jews and Egyptians used to 
extract the essential oils by soaking the plants in oil and then filtering the oil through a 
linen bag (Reeds, 2000), while nowadays essential oil is mostly obtained through 
distillation methods using Clevenger-like apparatus (Ali-Jabri et al., 2014; Saumendu et 
al., 2012). The chemical composition of isolated essential oils can be identified using a 
number of techniques such as GC-MS, GC/FID and head space GC/GCMS (Ali-Jabri et 
al., 2014; Bertuzzi et al., 2013; Mehl et al., 2013; Di Vaioa et al., 2010). In the current 
study, essential oils have been extracted from various plant parts by hydrodistillation 
using Clevenger-like apparatus and the extracted oils have been analysed using GC and 
GC-MS instrument. 
 
3.2 Research design 
Citrus limon leaves and peels collected from three South African citrus farms were air 
dried in the laboratory before oil extraction for dried material while, the fresh material 
were extracted immediately after peeling fruits and harvesting the leaves. Essential oils 
were extracted the using Clevenger-like apparatus. Extracted essential oils were kept in 
the cold room until GC/GC-MS analysis, and biological assay. Retention times, 
fragmentation patterns, Kovat index values and the first three fragmentation ions were 
used to confirm the components of the chromatogram. 
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3.3 Experimental design 
3.3.1 Extraction of essential oil  
Essential oil of lemon leaves and peels were hydrodistilled using Clevenger-like 
apparatus (Figure 3.1). About 600 g of fresh C. limon peels and leaves were introduced 
into a round bottomed flask and distilled water added to levels above the plant material 
and the flask placed on the heating mantle at 100°C connected to a condenser until the 
mixture boiled before decreasing the temperature to 70°C and therefore running for 4 
hours. The above mentioned procedure was repeated for the 600 g dry peels and 
leaves which air dried at room temperature (Dyayiya et al., 2016). Essential oils (Figure 
3.2) were recovered after each procedure and stored in air-tight weighed bottles, which 
were then kept in the refrigerator until analysed. 
                 
Figure 3.1: Apparatus used for hydro-distillation     Figure 3.2: Lemon essential oils 
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3.3.2 Analysis of the essential oils 
3.3.2.1 GC and GC-MS analysis 
Gas chromatography (Figure 3.3) is a common type of chromatography used as 
analytical device for separating and analyzing compounds that can be vaporized without 
decomposition (Skoog et al., 2007). 
The GC analysis was carried out on a Perkin-Elmer 8500 gas chromatograph with a FID 
detector and a BP-1 capillary column (30 m × 0.25 mm; film thickness 0.25 µm). The 
operating conditions were as follows: carrier gas, helium with a flow rate ranging from 
6 mL/min to 10 mL/min; column temperature ranged from 50°C to 280°C at 5°C/min; 
injector and detector temperatures were at 280°C; volume injected at 0.1 µL of the oil; 
split ratio. 1:50.  
Gas chromatography-mass spectrometry (GC-MS) (Figure 3.4) is a hyphenated 
analytical technique where two techniques are combined to form a single analyzing 
method (Skoog et al., 2007).  
The GC-MS analysis was performed on a Hewlett Packard 6890 MS selective detector 
coupled with Hewlett Packard 6890 gas chromatograph equipped with a cross-linked 
5% PhMe siloxane HP-5MS capillary column (30 m x 0.25 mm; film thickness 0.25 µm) 
and operating under the same conditions as described above. The MS operating 
parameters were as follows: ionization potential 70 eV, ionization current 2A, ion source 
temperature 200°C, column oven temperature was programmed from 50-325°C. 
Essential oils were diluted with hexane by 1:100 ratio while the mass to charge ratio 
(m/z) was set at 40-600 and resolution 1000. 
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 Identification of the essential oil constituents were based on literature and 
fragmentation pattern.  
           
      Figure 3.3: GC instrument                            Figure 3.4: GC-MS instrument 
 
3.4 Results and discussion 
3.4.1 Physiochemical properties of South African lemon essential oils 
Each essential oil had a unique smell, quantity and colour which were referred to as 
physiochemical properties. The physiochemical properties of the South African C. 
limon are presented in Table 3.1. Mystic Eureka dried peel essential oil had the highest 
percentage yield on a w/w basis (1.72%) followed by the Riverside Eureka dried leaf 
oil (0.69%). On the other hand, Lisbon lemon showed Addo Lisbon dried peel oil 
(1.26%), Riverside Lisbon dried peel oil (1.05%) and Addo Lisbon dried leaf oil 
(0.68%) to contain high oil percentage yields. It was observed that the quantity of 
essential oils extracted from dried plant material using same the method was higher 
when compared to the fresh plant leaf or peel. But this should be the case due to the 
water content loss during the drying period. For example, Addo Eureka dried leaf had 
(0.53%) while Addo Eureka fresh leaf was (0.34%). 
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Table 3.1: Physiochemical properties of Eureka and Lisbon lemon essential oils 
 Eureka lemon Lisbon lemon 
Plant type EFPA EFPR EFPM EDPA EDPR EDPM EFLA EFLR EFLM EDLA EDLR EDLM LFPA LFPR LDPA LDPR LFLA LFLR LDLA LDLR 
Starting 
material 
mass (g) 
600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 600 
Essential oils 
mass (g) 
3.07 3.24 3.26 3.54 3.43 10.31 2.05 2.96 2.10 3.20 4.16 3.07 2.23 3.01 7.57 6.30 2.08 2.12 4.06 3.24 
Oil %(w/w) 0.51 0.54 0.54 0.59 0.57 1.72 0.34 0.49 0.35 0.53 0.69 0.51 0.37 0.50 1.26 1.05 0.35 0.35 0.68 0.54 
Oil smell lemonade Sharp lemon lemonade Sharp citrus herbaceous lemonade Sharp lemon Sharp citrus herbaceous 
Oil colour Colourless colourless yellow 
EFPA: Addo Eureka fresh peel; EFPR: Riverside Eureka fresh peel; EFPM: Mystic Eureka fresh peel; EDPA: Addo Eureka dried peel; EDPR: Riverside Eureka 
dried peel; EDPM: Mystic Eureka dried peel; EFLA: Addo Eureka fresh leaf; EFLR: Riverside Eureka fresh leaf; EFLM: Mystic Eureka fresh leaf; EDLA: Addo 
Eureka fresh leaf; EDLR: Riverside Eureka dried leaf; EDLM: Mystic Eureka dried leaf; LFPA: Addo Lisbon fresh peel; LFPR: Riverside Lisbon fresh peel; LDPA: 
Addo Lisbon dried peel; LDPR: Riverside Lisbon dried peel; LFLA: Addo Lisbon fresh leaf; LFLR: Riverside Lisbon fresh leaf; LDLA: Addo Lisbon dried leaf; 
LDLR: Riverside Lisbon dried leaf. 
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All the South African C. limon essential oils were colorless except for the two Lisbon 
dried leaf essential oil from Addo and Riverside farms which were observed to be 
yellow. The oils obtained from different parts of the South African C. limon 
possessed a strong fragrance, especially from peels. The smell from the fresh leaves 
was a sharp citrus odor, while the dried leaf had a herbaceous smell. The fresh peel 
had a lemonade fragrance while the dried peel had a sharp lemon fragrance which 
makes it suitable for use in flavourants. 
3.4.2 Chemical composition of South African Citrus limon essential oils  
Eureka and Lisbon leaf and fruits were collected in 2017 and 2018. Essential oils 
were extracted from the peel and leaf of C. limon and analysed for their 
physicochemical parameters and chemical profile. These C. limon waste products 
were collected from three citrus farms in South African; two from the Eastern Cape 
Province (Addo river bend and Riverside) and one collection from KwaZulu-Natal 
Province (Mystic farm). The results are presented under two subheadings: chemical 
composition of Eureka and Lisbon lemon species.  
 
3.4.2.1 Chemical composition of Eureka peel essential oils  
Eureka fresh peel essential oils had a total of 33, 35 and 34 compounds identified 
representing 100.0%, 99.6% and 99.5% of the total composition from the Addo, 
Riverside and Mystic farms respectively for 2017 collections (Table 3.2) and the GC-
MS chromatograms are displayed in Appendix 1-3. 
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Predominant compounds identified in the 2017 samples oil chromatogram are as 
follows; Addo Eureka fresh peel essential oil had D-limonene (61.2%), -pinene 
(11.1%), -terpinene (6.1%); Riverside Eureka fresh peel essential oil, had D-
limonene (50.9%), -pinene (9.9%), -terpinene (6.5%) with addition of geranial 
(6.1%); z-citral (5.2%) and terpineol (4.8%). Mystic Eureka fresh peel essential oil 
had D-limonene (47.9%), geranial (8.8%), z-citral (6.6%), -pinene (5.8%) and -
terpinene (4.8%) as major compounds. 
Eureka dried peel essential oils had 37, 37 and 33 identified compounds totalling 
97.4%, 99.5% and 99.6% for the samples collected in 2017 from Addo, Riverside 
and Mystic respectively (Table 3.2) and chromatograms are presented in the 
Appendix 4-6. Major compounds identified in the Addo Eureka dried peel essential oil 
were D-limonene (54.1%), -pinene (11.4), -terpinene (5.8%) and geranial (4.6%); 
while Riverside Eureka dried peel essential oil had D-limonene (53.0%), -pinene 
(10.8%), -terpinene (6.7%), terpineol (4.9%) and geranial (4.3%); whereas Mystic 
Eureka dried peel essential oil had D-limonene (58.5%), -pinene (12.1%), -
terpinene (5.1%) as major compounds.  
Analysis of the fresh samples collected in 2018 had a total of 28 and 35 compounds 
identified in the essential oil chromatogram representing 98.4% and 98.9% of the 
total oil composition Addo and Riverside respectively (Table 3.2) and the GC-MS 
chromatograms are displayed in Appendix 7-8. Due to logistic constraint, Mystic 
samples could not be collected in 2018. 
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Table 3.2: Chemical composition of Eureka fresh and dried peel essential oils extracted in 2017 and 2018 
Compounds KI EFPA EFPR EFPM EDPA EDPR EDPM Mass fragments 
  2017 2018 2017 2018 2017 2017 2018 2017 2018 2017  
Formaldehyde 247 - - - - - - - - 0.1 - 30, 29, 28 
Furfural 852 - - - - - - - 0.1 0.1 - 96, 95, 39, 38 
m-Xylene 867 - - 0.1 - - - - - - - 106, 91, 105, 77 
Ethanol,2-butoxy 887 0.2 - 0.2 - 0.1 0.1 - 0.1 - 0.1 118, 57, 45, 41 
6-Methyl-5-hepten-2-one 985 0.1 0.1 0.2 0.1 0.2 0.4 0.4 0.3 0.4 0.3 126, 43, 41, 69 
Octanal  1002 0.1 - 0.2 - 0.1 0.1 0.1 0.1 0.2 - 128, 43, 44, 56 
Naphthalene 1196 - - - - 0.4 - - - - - 128, 102, 51, 63 
Monoterpene hydrocarbon 
-Thujene 931 0.4 0.1 0.3 0.3 0.1 0.3 0.2 0.5 0.3 0.4 136, 93, 91, 77 
-Pinene 937 1.7 1.6 1.3 1.7 0.7 1.5 1.4 1.3 1.2 2.0 136, 93, 91,92 
Camphene 943 0.1 0.1 0.1 0.1 - 0.1 0.1 0.1 0.1 0.1 136, 93, 121, 79 
Sabinene 974 1.7 1.6 0.9 1.4 0.8 1.3 1.2 0.9 0.9 1.3 136, 93, 77, 41  
-Pinene 981 11.1 11.5 9.9 11.5 5.8 11.4 11.5 10.8 11.1 12.1 136, 93, 41, 69 
-Myrcene 990 1.6 1.5 1.3 1.5 1.0 1.4 1.3 1.3 1.2 1.5 136, 41, 93, 69 
3,7-Dimethyl-1-octene 1009 - - - - 0.1 - - - - - 140, 55, 70, 56 
3-Carene 1011 - - - - - - 0.1 - - - 136, 93, 91, 79 
4-Carene 1018 - 0.3 0.6 - - - 0.5 0.7 - - 136, 93, 121, 91 
-Terpinene 1019 - - 0.5 - - - 0.3 0.6 0.5 - 136, 136, 121, 91 
m-Cymene 1023 - - - - 1.8 - - - 0.8 2.2 134, 119, 134, 91 
p-Cymene 1026 1.4 1.5 0.4 4.0 - 1.2 1.3 0.6 - - 134, 119, 91, 65 
D-Limonene 1030 61.2 60.9 50.9 62.2 47.9 54.1 53.7 53.0 52.2 58.5 136, 67, 93, 79 
-Ocimene 1039 - - - - - - - - - 0.1 136, 93, 41, 79 
-Ocimene 1041 - 0.1 - 0.1 - 0.1 0.1 0.1 0.1 - 136, 93, 91, 79 
-phelandrene 1041 - - - - - 0.1 - - - 0.1 136, 93, 91, 79 
-Terpinene 1056 6.1 6.1 6.5 3.1 4.8 5.8 - 6.7 - 5.1 136, 93, 77, 41 
Isoterpinolene 1086 0.4 - - 0.2 0.4 0.9 - - 0.7 0.4 136, 93, 136, 121 
Oxygenated monoterpenes 
Linalool oxide, cis- 1074 - - - - - 0.2 0.3 0.3 0.4 0.1 170, 59, 43, 55 
Nonanal 1087 0.1 0.1 0.3 0.1 0.1 0.3 1.2 0.3 1.6 0.1 142, 57, 41, 43 
(E)-Sabinene hydrate 1101 - - - - - 0.1 - 0.1 - 0.1 154, 43, 93, 71 
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Linalool 1103 0.9 0.9 1.9 0.9 1.7 1.2 1.2 1.5 1.6 0.8 154, 43, 71, 55 
Fenchol, exo- 1117 - - - - - - - 0.1 0.1 - 154, 81, 80, 43 
cis-2-Menthenol 1121 - - - - - - - - 0.1 - 154, 43, 93, 139 
trans-2-Menthenol 1123 - - - - - - 0.1 - 0.2 - 154, 43, 93, 139 
Limonene oxide 1133 - - - - - 0.1 - - - - 152, 43, 67, 41 
cis-Limonene oxide 1134 - - - 0.1 - - - - - - 152, 43, 67, 41 
trans-Limonene oxide 1141 - - - 0.2 - - - - - - 152, 43, 67, 41 
Camphor 1143 - 0.1 0.2 - - -  - - - 152, 95, 41, 81 
2-Bornanone 1144 - - - - 0.1 -  - - - 152, 95, 81, 41 
Camphor 1146 0.1 0.1 - - - 0.1 0.1 0.1 0.1 - 152, 95, 81, 41 
cis-Verbenol 1150 - - - 0.2 - -  -  - 152, 94, 41, 79 
Citronellal 1151 - - 0.1 - 0.1 0.1 0.1 0.1 0.2 0.1 154, 41, 69, 95 
Isoneral 1153 - - 0.1 - - - 0.1 - - - 152, 67, 109, 94 
Endo-Borneol 1165 - - 0.2 - 0.1 0.1 0.2 0.2 0.3 0.1 154, 95, 110, 41 
trans-Verbenol 1170 - - - - - -  0.1  - 152, 109, 41, 94 
Terpinen-4-ol 1175 1.2 0.2 2.9 1.2 2.0 - 2.9 3.6 3.5 - 154, 71, 111, 43 
-Terpineol 1176 2.2 2.1 - 2.3 - - 4.0 - - - 154, 59, 93, 121 
Terpinen-4-ol 1180 - - - - - 2.9 - - - 2.1 154, 71, 111, 93 
p-Cymen-8-ol 1183 - - - - - - - - 0.1 - 150, 43, 1335, 91 
Terpineol 1185 - - 4.8 0.1 3.9 3.9 - 4.9 4.8 2.8 154, 59, 93, 43 
(S)-cis-Verbenol 1188 - - - - - 0.1 - - - - 152, 109, 41, 94 
Citronellol 1220 - - - - - 0.2 - - - - 156, 69, 41, 67 
Nerol  1228 0.7 0.8 1.2 0.7 3.9 - 0.7 0.6 0.7 0.4 154, 41, 69, 81 
cis-Carveol 1230 - - - - - 0.1 - - - - 152, 84, 134, 41 
cis-p-mentha-1(7),8-dien-2-
ol 
1235 - - - 0.1 - - - 0.1 - - 152, 41, 109, 67 
Z-Citral 1247 2.4 2.5 5.2 - 6.6 3.9 3.9 3.6 3.5 2.3 152, 41, 69, 39 
D-Carvone 1249 - - - 0.1 - - 0.1 - - - 150, 82, 54, 108 
3,7-Dimethyloct-2-en-1-ol 1263 0.1 - 0.1 1.9 0.5 - 0.2 0.2 0.2 0.1 156, 69, 41, 67 
Geraniol 1266 0.7 0.8 0.9 0.7 3.0 0.6 0.6 - 0.6 2.9 154, 41, 69, 81 
Geranial 1270 2.9 3.0 6.1 2.3 8.4 4.6 4.0 4.3 4.6 - 152, 41, 69, 95 
Perillaldehyde 1276 0.1 0.1 0.2 0.1 0.2 0.1 0.2 0.2 0.2 - 150, 67, 79, 41 
Limonene glycol 1321 - - - 0.2 - - - - - - 170, 71, 67, 108 
Esters 
Isopulegol acetate 1427 - - - - - - - - 0.1 - 196, 43, 136, 93 
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4-Terpinenyl acetate 1286 0.2 - - - 0.2 - - - - 0.2 196, 93, 121, 136 
Lavandulyl acetate 1292 0.3 - 0.3 - - 0.3 - 1.2 - 1.6 196, 69, 93, 43 
Neryl acetate 1365 0.5 0.6 0.7 0.7 2.5 - 0.7 0.6 1.0 1.0 196, 41, 69, 93 
Geranyl acetate 1383 - 0.3 - 0.3 - 0.6 0.4 - 0.4 - 196, 41, 69, 93 
Sesquiterpenes hydrocarbon 
cis--Bergamotene 1412 - - - - - 0.2 0.2 - - - 204, 41, 93, 119 
Caryophyllene 1419 0.3 0.3 0.2 0.2 0.4 0.2 0.5 0.1 - 0.1 204, 41, 91, 79 
trans--Bergamotene 1435 0.4 0.4 0.3 0.4 0.5 - - - - 0.2 204, 41, 93, 119 
-Farnesene 1458 0.1 - - 0.1 0.1 - - - - - 204, 69, 93, 67 
Eremophilene 1512 - - - - - - - - - 0.1 204, 107, 161, 93 
Bicyclogermacrene  1528 0.1 - - - 0.1 - - - - - 204, 93, 121, 41 
-Bisabolene 1520 0.6 0.7 0.5 0.7 0.9 0.3 0.3 0.1 0.1 0.2 204, 41, 69, 93 
Oxygenated sesquiterpenes 
Spathulenol 1577 - - - - - - 0.1 - - - 220, 43, 91, 119 
Caryophyllene oxide 1581 - - - 0.1 - -  -  - 220, 43, 41, 79 
Monoterpenes 85.7 85.3 72.7 85.1 63.4 76.8 71.7 76.6 69.1 83.9  
Oxygenated monoterpenes 11.4 10.7 24.2 11.2 30.6 18.6 19.9 20.3 22.8 11.9  
Sesquiterpenes 1.5 1.4 1.0 1.4 2.0 0.5 0.8 0.2 0.1 0.6  
Oxygenated sesquiterpenes - - - 0.1 - - 0.1 - - -  
Esters 1.0 0.9 1.0 1.0 2.7 0.9 1.1 1.8 1.5 2.8  
Others 0.4 0.1 0.7 0.1 0.8 0.6 0.5 0.6 0.8 0.4  
Total % 100 98.4 99.6 98.9 99.5 97.4 94.1 99.5 94.6 99.6  
KI: Kovat’s index; EFPA: Addo Eureka fresh peel; EFPR: Riverside Eureka fresh peel; EFPM: Mystic Eureka fresh peel; EDPA: Addo Eureka dried peel; EDPR: 
Riverside Eureka dried peel; EDPM: Mystic Eureka dried peel. 
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Analysis of the chromatogram revealed that Addo Eureka fresh peel essential oil had 
D-limonene (60.9%), -pinene (11.5%) and -terpinene (6.1%); while, Riverside 
Eureka fresh peel essential oil had D-limonene (62.2%), -pinene (11.5%) and p-
cymene (4.0%) as major compounds.  
Eureka dried peel essential for 2018 had 38 identified compounds for both farms and 
a total of 94.1% and 94.6% for Addo and Riverside farm respectively (Table 3.2), 
their chromatograms are presented in Appendix 9-10. The most abundant 
compounds identified in the Addo Eureka dried peel essential oil is D-limonene 
(53.7%), -pinene (11.5%), -terpinene (5.7%), geranial (4.0%) and -terpeneol 
(4.0%); while the Riverside Eureka dried peel essential oil were D-limonene 
(52.2%), -pinene (11.1%), -terpinene (6.6%) and geranial (4.6%) as major 
compounds. 
 
3.4.2.2 Chemical composition of Eureka leaf essential oils  
Eureka fresh leaf essential oils for 2017 had 23, 22 and 24 identified compounds 
accounted for 99.8%, 96.2% and 98.9% of the total oil composition for Addo, 
Riverside and Mystic farm respectively (Table 3.3). Addo Eureka fresh leaf essential 
oil had D-limonene (32.7%), geranial (14.1%), z-citral (11.5%) and -pinene (8.4%) 
as predominant compounds; Riverside Eureka fresh leaf essential oil major 
compounds were D-limonene (28.5%), geranial (13.9%), z-citral (11.5%), -pinene 
(11.1%) and nerol (4.0%) and Mystic Eureka fresh leaf essential oil had D-limonene 
(37.5%), geranial (10.4%), z-citral (8.7%), -pinene (6.5%) and sabinene (4.5%) 
as major components. While for 2018 Eureka fresh leaf essential oils 35 and 22 
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compounds were identified having a total of 99.3% and 99.5% for Addo and 
Riverside farm. Addo Eureka fresh leaf essential oil had D-limonene (29.9%), 
geranial (8.7%), z-citral (11.7%) and -pinene (8.7%) as major compounds; while 
Riverside Eureka fresh leaf essential oil major compounds were D-limonene (32.5%), 
geranial (12.5%), z-citral (10.0%), -pinene (8.1%) and neryl acetate (7.6). The 
chromatograms of these essential oils are represented in Appendix 11-13 and 
Appendix 14-15 for 2017 and 2018 samples. 
Eureka dried leaf essential oils 23, 26 and 32 compounds were identified with 
97.2%, 96.5% and 96.5% (Table 3.3) for the three South African citrus farms 
namely: Addo, Riverside and Mystic farm respectively. Major compounds for Addo 
Eureka dried leaf essential oil were D-limonene (33.0%), geranial (13.8%), z-citral 
(11.4%), -pinene (9.8%) and neryl acetate (6.3%); while on Riverside Eureka dried 
leaf essential oil D-limonene (29.1%), -pinene (12.9%), geranial (10.4%), neryl 
acetate (9.5%), z-citral (8.6%) and nerol (5.4%) were predominant compounds;  
and Mystic Eureka dried leaf essential oil had D-limonene (34.1%), -pinene 
(10.8%), caryophyllene (6.5%), sabinene (6.3%) and nerol (5.1%) as major 
compounds. For the 2018 samples collected, Eureka leaf essential oils from Addo 
and Riverside had 34 and 38 compounds identified in the GCMS chromatograms 
which accounts for 99.3% and 99.9% of the oil profile.  The major compounds were 
D-limonene (31.2%), geranial (15.4%), -pinene (10.4%), geraniol (8.0%) and z-
citral (6.7%) for Addo Eureka dried leaf essential oil; while on Riverside eureka dried 
leaf essential oil major compounds were D-limonene (27.9%), -pinene (13.2%), 
geranial (10.4%), z-citral (9.9%), neryl acetate (6.9%) and nerol (4.4%). 
Chromatograms for these oils are shown in Appendix 16-20.   
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Table 3.3: Chemical composition of Eureka fresh and dried leaf essential oils extracted in 2017 and 2018 
Compounds KI EFLA EFLR EFLM EDLA EDLR EDLM Mass fragments 
  2017 2018 2017 2018 2017 2017 2018 2017 2018 2017  
Hexanal 798 - - - - - 0.4 0.1 0.2 - - 100, 44, 56, 41 
2-Hexanal 850 - - - - - - 0.4 - 0.3 - 98, 41, 39, 69 
3-Hexen-1-ol 851 - - - - - - 0.1 - - - 100, 41, 67, 39 
o-Xylene 864 - - 0.1 - - - - - - - 106, 91, 105, 77 
m-Xylene 883 0.1 - - - - 0.1 - - - - 106, 91, 106, 105 
1-Octene,7-methyl 884 - - - - 0.1 - - - - - 126, 56, 43, 69 
Ethanol,2-butoxy 887 0.2 - 0.2 - 0.2 0.2 - 0.2 - 0.2 118, 57, 45, 41 
6-Methyl-5-hepten-2-one 985 1.4 3.3 1.5 1.6 1.2 1.2 1.4 0.9 1.2 1.5 126, 43, 41, 69 
Monoterpene hydrocarbons 
-Thujene 931 0.2 - 0.1 0.1 0.1 0.1 0.2 0.1 - - 136, 93, 91, 77 
-Pinene 937 1.0 1.0 0.9 0.7 1.0 1.0 - 1.3 1.5 1.6 136, 93, 91, 92 
Camphene 943 - 0.1 0.1 - - 0.1 - 0.1 0.1 - 136, 93, 91, 92 
Sabinene 974 1.8 1.7 2.1 2.6 4.5 1.9 1.9 2.0 2.0 6.3 136, 93, 77, 41 
-Pinene 981 8.4 8.7 11.5 8.1 6.5 10.2 10.4 13.2 13.2 10.8 136, 93, 41, 69 
-Myrcene 990 1.3 1.2 1.3 1.1 1.8 1.3 1.3 1.1 1.2 1.0 136, 41, 93, 69 
-Phellandrene 994 - - 0.1 0.1 0.1 - - - 0.1 - 136, 93, 77, 41 
2-Carene 1001 0.3 - - - - - - - - - 136, 93, 121, 91 
3-Carene 1011 1.4 1.2 1.0 1.3- 1.3 1.2 1.2 1.1- 0.9 1.0 136, 93, 79, 121 
4-Carene 1018 - - 0.2 0.3 - - - 0.2 - - 136, 93, 121, 91 
-Terpinene 1019 - - 0.1 0.1 0.2 - - - 0.1 - 136, 121, 93, 91 
m-Cymene 1023 - - - - - 0.2 0.2 - - - 134, 119, 134, 91 
p-Cymene 1026 0.2 0.3 - 0.2 0.2 - - 0.2 0.1 0.9 134, 119, 91, 65 
D-Limonene 1030 32.7 29.9 28.5 32.5 37.5 33.0 31.2 29.1 27.9 34.1 136, 67, 93, 79 
-Ocimene 1041 1.8 1.2 2.1 1.8 2.5 2.3 1.7 1.5 1.8 0.5 136, 93, 91, 79 
trans--Ocimene 1053 - - - - - - 0.5 - - - 136, 93, 79, 92 
-Terpinene 1056 0.3 0.2 0.3 0.3 0.4 0.3 0.2 0.4 0.4 0.4 136, 93, 77, 41 
Terpinolene 1080 0.1 - - - - 0.1 - 0.1 - - 136, 136, 93, 121 
Isoterpinolene 1086 - 0.2 - - 0.3 0.2 0.2 - 0.2 - 136, 93, 136, 121 
Oxygenated monoterpenes 
Eucalyptol 1033 0.8 1.9 0.5 0.4 0.2 0.5 1.3 0.4 1.3 0.6 154, 43, 81, 108 
Nonanal 1087 0.1 0.1 0.1 0.1 - 0.1 0.1 0.1 0.1 - 142, 57, 41, 43 
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Linalool 1103 2.3 2.4 2.1 2.3 2.6 1.8 1.8 1.9 2.2 3.2 154, 43, 71, 55 
Sabinene hydrate 1112 1.2 0.2 - - - - - 1.0 - - 154, 43, 93, 71 
Limonene oxide, cis 1134 - 0.3 - - - - - - - - 152, 43, 67, 41 
Limonene oxide 1139 - - - - - - 1.1 - - - 152, 43, 67, 41 
Limonene oxide, trans 1141 - 0.2 - - - - 0.1 - - - 152, 43, 67, 41 
Isopulegol 1146 - 0.1 - - - - - - - - 154, 41, 71, 69 
Neoisopulegol 1146 0.1 - - 0.1 - - - - 0.1 - 154, 41, 71, 69 
Citronellal 1151 1.3 1.1 1.4 1.8 3.1 2.1 2.0 1.6 1.5 - 154, 41, 69, 55 
Isoneral 1153 0.3 0.2 1.9 0.2 0.3 0.4 0.3 0.3 0.4 - 152, 67, 94, 41 
Exo-Isocitral 1166 0.1 0.1 - 0.1 - 0.1 0.1 0.1 - - 152, 69, 41, 109 
Terpinen-4-ol 1175 - - - - 1.6 - - - - 1.3 154, 71, 111, 43 
Terpineol 1176 0.8 - - - - - 0.7 - 0.9 - 154, 59, 93, 121 
Terpinen-4-ol 1180 - 0.9 - 1.2 - 0.1 - 0.1 1.3 - 154, 71, 111, 93 
Terpineol 1185 - 0.9 0.9 0.8 0.7 0.8  0.9  0.6 154, 59, 93, 43 
Nerol 1228 3.9 3.9 4.0 4.2 2.7 2.2 1.8 5.4 4.4 5.1 154, 69, 41, 93 
Iso-geraniol 1237 0.1 - 0.1 - - - - - - - 152, 41, 81, 109 
Z-Citral 1247 11.5 11.7 11.5 10.0 8.7 11.4 6.7 8.6 9.9 1.5 152, 41, 69, 39 
3,7-Dimethyloct-2-en-1-ol 1263 1.1 1.3 0.7 1.1 1.1 0.6 0.5 0.7 0.7 1.3 156, 69, 55, 67 
Geraniol 1266 3.5 3.5 2.9 2.3 1.9 - 8.0 - 2.1 3.5 154, 41, 69, 81 
3,6-Octadienal, 3,7-dimethyl 1269 - - - - - 1.1 - - - - 152, 41, 69, 39 
Geranial 1270 14.1 14.4 13.9 12.5 10.4 13.8 15.4 10.4 12.4 2.2 152, 41, 69, 95 
Undecanal 1307 0.2 - - 0.1 - 0.1 - 0.1 0.1 - 170, 41, 43, 57 
Esters 
Methyl geranate 1323 - - -  0.1 - - 0.1 - - 182, 69, 41, 114 
Citronellyl acetate 1354 0.2 - 0.3 0.3 0.3 0.4 - 0.6 0.4 0.7 198, 43, 69, 81 
Lavandulyl propinoaete 1364 - - - - - - - 0.1 - - 210, 69, 93, 41 
Neryl acetate 1365 2.6 2.9 0.5 7.6 3.9 6.3 3.7 9.5 6.9 3.8 196, 69, 93, 41 
Geranyl acetate 1383 3.3 3.7 3.0 3.4 3.0 - 3.7 - 2.9 - 196, 69, 93, 41 
Citronellyl crotonate 1558 - 0.3 - - - - - - - - 224, 69, 41, 81 
Linallyl isovalerate 1858 - 0.1 - - - - - - - - 238, 69, 41, 93 
Sesquiterpene hydrocarbons 
-Elemene 1337 - - - - - - - - - 0.1 204, 121, 93, 136 
-Elemene 1390 - - - - - - - - - 0.2 204, 67, 41, 79 
Cis-a-Bergamotene 1412 - - - - - - - - - 0.9 204, 119, 93, 69 
Caryophyllene 1419 0.1 0.1 0.2 0.1 0.4 0.8 0.6 2.3 0.8 6.5 204, 93, 91, 79 
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KI: Kovat’s index; EFLA: Addo Eureka fresh leaf; EFLR: Riverside Eureka fresh leaf; EFLM: Mystic Eureka fresh leaf; EDLA: Addo Eureka fresh leaf; EDLR: 
Riverside Eureka dried leaf; EDLM: Mystic Eureka dried leaf. 
-Bergamotene 1433 - - - - - - - 0.2 - - 204, 93, 119, 91 
Trans--Bergamotene 1435 - - - - - - - - 0.1 - 204, 41, 93, 119 
Humulene 1454 - - - - - - - 0.2 - 0.7 204, 93, 80, 121 
Bicyclogermacrene 1494 - - - - - 0.1 - 0.2 0.1 - 204, 93, 121, 41 
-Bisabolene - - - - - - 0.1 0.1 0.4 0.1 1.6 204, 69, 93, 41 
Oxygenated sesquiterpenes 
Spathulenol 1577 - - - - - 0.1 - 0.2 0.1 0.7 220, 43, 41, 119 
Caryophyllene oxide 1581 - - - - - 0.4 0.3 0.4 0.1 3.0 220, 43, 41, 79 
Isospathulenol 1634 - - - - - - - - - 0.3 220, 43, 91, 119 
Diterpene hydrocarbons 
Neophytadiene - - - - - - 0.2 - - - 0.2 279, 68, 95, 57 
Monoterpenes 51.5 45.7 50.4 49.2 56.4 51.8 49 50.4 49.5 56.6  
Oxygenated monoterpenes 40.4 43.2 40.0 37.3 33.3 35.1 39.9 30.6 37.4 21.1  
Sesquiterpenes  0.1 0.1 0.2 0.1 0.4 1.0 0.7 3.3 1.1 8.4  
Oxygenated sesquiterpenes - - - - - 0.5 0.3 0.6 0.2 4.0  
Esters 6.1 7.0 3.8 11.3 7.3 6.7 7.4 10.3 10.2 4.5  
Others 1.7 3.3 1.8 1.6 1.5 1.9 2.0 1.3 1.5 1.7  
Total % 99.8 99.3 96.2 99.5 98.9 97.2 99.3 96.5 99.9 96.05  
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In summary, monoterpene dominated the oil profile of Eureka essential oils (47.3% - 
86.1%) with D-limonene as the most dominant compound, while oxygenated 
monoterpenes had percentages of (10.6% - 43.2%) (Tables 3.2-3.3). Mystic Eureka 
dried leaf essential oil had a noticeable percentage of sesquiterpenes of (8.4%) 
which has never been reported before, while all the leaf essential oils also had 
noticeable percentages of esters ranging (3.8% - 11.3%) as shown in Table 3.4. 
Riverside Eureka fresh peel essential oil for 2017 had higher a percentage of 
oxygenated monoterpenes compared to the samples collected in 2018.  
 
3.4.2.3 Chemical composition of Lisbon lemon peel essential oils  
Lisbon lemon essential oils extracted from 2017 fresh peels had a total of 35 and 33, 
with total percentages of 97.5% and 96.4% for Addo and Riverside respectively as 
shown in Table 3.4. Major compounds identified in the Addo Lisbon fresh peel 
essential oil were D-limonene (64.7%), -pinene (10.7%), p-cymene (5.3%) and -
terpinene (4.4%); while for Riverside Farm, D-limonene (65.5%), -pinene (11.8%) 
and p-cymene (4.2%) were predominant compounds. The essential oils for Lisbon 
lemon fresh peels harvested in 2018, a total of 35 and 28 compounds were identified 
totalling percentages of 96.4% and 99.2% for both Addo and Riverside farms 
respectively. Addo oil sample had D-limonene (60.9%), -pinene (9.3%) and p-
cymene (6.3%) as prominent compounds whereas Riverside essential oil had D-
limonene (74.8%), -terpinene (6.7%) and Sabinene (4.0%) as major compounds as 
show in Table 3.4. Chromatograms of these essential oils are represented in 
Appendix 21-24.  
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A total of 35 and 33 compounds were identified (99.5% and 100.0%) from Addo 
and Riverside 2017 sample collection (Table 3.4). Major compounds for Addo 
essential oil were determined to be D-limonene (67.0%), -terpinene (6.7%) and -
pinene (4.4%), while Riverside essential oil had D-limonene (70.6%), -terpinene 
(6.5%) and terpinen-4-ol (4.0%). The oil for Lisbon dried peel harvested on 2018 
had a total of 37 and 32 compounds identified from GC-MS analysis making a total 
of 98.4% and 98.9% from the two South African citrus farms (Addo and Riverside) 
respectively (Table 3.4), the GCMS chromatogram are presented in Appendix 25-28. 
Addo Lisbon dried peel had only D-limonene (67.9%) and -terpinene (6.9%) as 
major compounds; whereas Riverside had D-limonene (69.8%), -terpinene (6.8%) 
and terpinen-4-ol (4.1%) as its own major compounds.  
 
3.4.2.4 Chemical composition of Lisbon lemon leaf essential oils 
GC-MS analysis of Lisbon lemon fresh leaf oils isolated from 2017 samples collected, 
34 and 32 compounds identified (97.7% and 99.7%) for Addo and Riverside farms 
respectively. The Addo Lisbon fresh leaf essential oil had D-limonene (32.0%), 
geranial (14.2%), z-citral (11.5%) and -pinene (8.6%), while Riverside Lisbon fresh 
leaf essential oil had D-limonene (35.0%), geranial (9.0%), neryl acetate (8.4%), (-
)--pinene (7.7%), z-citral (7.6%) and nerol (5.7%) as major components (Table 
3.5) Appendix 29-30. Essential oils for Lisbon fresh leaf harvested on 2018 had a 
total of 28 and 34 identified compounds with percentages of 98.0% and 100.0% for 
Addo and Riverside farms as presented on Table 3.5 subsequently. 
66 
 
Table 3.4: Chemical composition of Lisbon fresh and dried peel essential oils extracted in 2017 and 2018 
Compounds KI LFPA LFPR LDPA LDPR Mass fragments 
  2017 2018 2017 2018 2017 2018 2017 2018  
o-Xylene 864 - 0.1 - - - - - - 106, 91, 105, 77 
2-Furanmenthanol 866 0.1 - - - - - 0.2 - 98, 41, 53, 81 
m-Xylene 867 - - - - - 0.1 0.1 - 106, 91, 105, 77 
Ethanol, 2-butoxy 887 - 0.2 - 0.1 - 0.2 - 0.2 118, 57, 45, 41 
6-Methyl-5-hepten-2-one 985 - 0.1 - - 0.2 0.2 0.1 0.1 126, 43, 41, 69 
Octanal  1002 - 0.1 0.1 - 0.2 0.2 - - 128, 43, 44, 56 
Thymol methyl ether 1234 - - - - 1.4 1.5 1.5 1.5 164, 149, 164, 91 
Monoterpene hydrocarbons 
-Thujene 931 0.3 0.2 0.4 0.5 0.3 0.4 0.5 0.3 136, 93, 91, 77 
-Pinene 937 1.7 1.4 1.9 1.7 1.3 1.4 1.3 1.3 136, 93, 91,92 
Camphene 943 0.1 0.1 0.1 - - - - - 136, 93, 121, 79 
Sabinene 974 1.5 1.1 1.7 4.0 1.4 1.4 1.3 1.3 136, 93, 77, 41  
-Pinene 981 10.7 9.3 11.8 1.8 4.4 3.9 2.9 2.7 136, 93, 41, 69 
-Myrcene 990 1.4 1.2 1.7 2.3 1.8 1.8 2.0 1.9 136, 41, 93, 69 
-Phellandrene - - - - 0.1 0.2 0.1 - 0.2 136, 93, 77, 41 
4-Carene 1018 - 0.2 0.2 0.5 - - - 0.7 136, 93, 121, 91 
-Terpinene  - - - 0.3 0.7 0.9 0.7 0.9 136, 121, 93, 136 
p-Cymene 1026 5.3 6.3 4.2 1.0 1.2 0.8 1.7 1.2 134, 119, 91, 65 
Cyclohexene, 1-methyl-5-(methylethenyl) - - - - - - 0.2 - 0.1 136, 93, 68, 92 
D-Limonene 1030 64.7 60.9 65.5 74.8 67.0 67.9 70.6 69.8 136, 67, 93, 79 
-Ocimene 1039 - - - - - - 0.4 - 136, 93, 41, 79 
-Ocimene 1041 - - 0.1 0.6 0.3 0.4 - 0.5 136, 93, 91, 79 
-Terpinene 1056 4.4 2.5 3.9 6.7 6.7 6.9 6.5 6.8 136, 93, 77, 41 
Isoterpenolene 1086 - - - - 0.6 0.6 0.6 - 136, 93, 136, 121 
Terpinolene 1091 0.3 0.3 - - - - - - 136, 93, 121, 91 
, 3-Dimethylstyrene 1095 - - - - 0.1 0.1 0.2 0.2 132, 117, 132, 115 
1,3,8-p-Menthariene 1111 - - - - - 0.1 - 0.1 134, 119, 91, 134 
p-Menth-1-en-9-al 1118 - - - - - - 0.1 - 134, 119, 91, 41 
Oxygenated monoterpenes 
cis-Linalool oxide 1091 - - - - 0.1 0.1 - 0.1 170, 59, 43, 55 
Nonanal 1087 0.1 0.2 0.1 0.1 0.2 0.3 0.1 0.1 142, 57, 41, 43 
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Linalool 1103 0.4 1.1 0.6 0.4 1.4 - 0.9 - 154, 43, 71, 55 
trans-p-Mentha-2,8-dienol 1113 0.1 - - - - - - - 152, 94, 43, 109 
cis-(-)-1,2-Epoxy-menth-8-ene 1117 - 0.4 - - - - - - 152, 43, 67, 41 
cis-p-2-Menthen-1-ol 119 - - - - 0.1 - - - 154, 43, 93, 139 
cis--Terpineol 1125 - - - - 0.1 - - - 154, 71, 55, 93 
cis-p-Mentha-1(7),8-dien-2-ol 1127 - 0.4 - - - - - - 152, 41, 109, 67 
cis-Limonene oxide 1134 0.4 - - - - - - - 152, 43, 67, 41 
Limonene oxide 1139 0.1 0.2 - - - - - - 152, 43, 69, 41 
trans-Limonene oxide 1141 0.7 0.3 0.2 - - - - - 152, 43, 67, 41 
trans-Pinocarveol 1143 0.2 - - - - - - - 152, 92, 70, 55 
Camphor 1146 - 0.1 0.1 - - - - - 152, 95, 81, 41 
Citronellal 1151 - - - 0.2  0.3 - - 154, 41, 69, 55 
Citronellal 1152 - - - - 0.3 - - 0.1 154, 41, 69, 95 
Borneol 1160 - 0.1 0.1 - - - - - 154, 95, 110, 41 
Terpinen-4-ol 1175 0.4 1.3 0.8 0.9 3.5 2.6 4.0 4.1 154, 71, 111, 43 
-Terpineol 1176 - - - - - - - 1.9 154, 59, 93, 121 
Isocitral 1184 - - - - - - - 0.1 152, 81, 67, 109 
Terpineol 1185 0.9 3.1 1.3 0.6 - 2.3 - - 154, 59, 93, 43 
P-Menth-1-en-9-al 1191 - 0.1 - - 0.2 0.2 - - 152, 94, 79, 41 
cis-isopiperitenol 1210 0.2 - - - - - - - 152, 84, 83, 41 
trans-Carveol 1217 0.2 0.2 - - - - - - 152, 109, 84, 41 
-Citronellol 1220 - - 0.1 - 0.3 - 0.3 - 156, 69, 41, 67 
Nerol  1228 0.2 0.5 0.4 - 0.2 - 0.2 0.2 154, 41, 69, 81 
cis-Carveol 1230 0.2 0.1 - - - - - - 152, 84, 134, 41 
cis-p-mentha-1(7),8-dien-2-ol 1235 - - 0.1 - - - - - 152, 41, 109, 67 
Citral 1240 - - - - - 0.7 - - 152, 69, 41, 84 
Z-Citral 1247 0.5 1.6 0.9 - - - 0.4 0.9 152, 41, 69, 39 
D-Carvone 1249 0.2 0.2 - - - - - - 150, 82, 54, 108 
Carvone 1255 0.2 - - - - - - - 150, 82, 54, 39 
3,7-Dimethyloct-2-en-1-ol 1263 0.1 0.1 0.1 0.3 - 0.3 - 0.3 156, 69, 41, 67 
Geraniol 1266 0.1 0.1 0.3 - 0.1 - 0.1 - 154, 41, 69, 81 
Geranial 1270 0.6 2.0 1.1 0.1 1.9 0.9 0.5 - 152, 41, 69, 95 
Perrillaldehyde 1273 - 0.2 - 1.3- -0.1 - 0.1 - 150, 68, 79, 67 
Thymol 1290 - - - - - 0.2 - 0.1 150, 135, 150, 91 
Carvacrol 1300 - - - 0.1 0.2 - 0.1 - 150, 135, 91, 77 
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p-mentha-1,8-dien-7-al 1302 - - 0.1 - - - - - 152, 68, 79, 93 
3-Methyl-4-isopropyl phenol 1333 - - - - - - 0.1 - 150, 135, 91, 77 
Esters 
Isopulegol acetate 1285 - - - - - - - 0.1 196, 43, 136, 93 
Lavandulyl acetate 1292 - - - 0.1 - - - - 196, 69, 93, 136 
Neryl acetate 1365 - - 0.5 - 0.3 0.3 0.2 0.2 196, 41, 69, 93 
Geranyl acetate 1383 0.3 - 0.2 - - - 0.1 - 196, 41, 69, 93 
Sesquiterpenes hydrocarbon 
-Elemene 1388 - - - 0.1 - - - - 204, 121, 93, 136 
Caryophyllene 1419 - - 0.1 0.1 0.1 0.1 - - 204, 41, 91, 79 
Cis--Bergamotene 1412 0.3 - - - 0.1 - 0.1 0.1 204, 41, 93, 119 
trans--Bergamotene 1435 - - 0.3 0.2 - 0.1 - - 204, 41, 93, 119 
cis--Bisabolene 1503 0.1 - - - - - - - 204, 193, 41, 91 
-Bisabolene 1520 0.5 - 0.5 0.3 0.1 0.1 0.2 - 204, 41, 69, 93 
Oxygenated sesquiterpenes 
Caryophyllene oxide 1581 0.2 0.1 0.1 - - - - - 220, 43, 41, 79 
Monoterpenes 90.4 83.5 91.5 91.3 86.0 86.9 88.8 88.0  
Oxygenated monoterpenes 5.6 12.3 6.3 4.0 8.7 7.9 6.8 7.8  
Sesquiterpenes 0.9 - 0.9 0.7 0.3 0.3 0.3 0.1  
Oxygenated sesquiterpenes 0.1 0.1 - - - - - -  
Esters 0.3 - 0.7 0.1 0.3 0.3 0.3 0.3  
Others 0.1 0.5 0.1 0.1 1.8 3.2 1.9 1.8  
Total % 97.5 96.4 96.4 99.2 97.1 97.7 98.1 98.0  
KI: Kovat’s index; LFPA: Addo Lisbon fresh peel; LFPR: Riverside Lisbon fresh peel; LDPA: Addo Lisbon dried peel; LDPR: Riverside Lisbon dried peel 
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Major components for Addo fresh leaf essential oil were D-limonene (31.5%), geranial 
(15.4%), z-citral (12.1%) and -pinene (8.8%), on the other side Riverside Lisbon 
fresh leaf essential oil had D-limonene (32.5%), geranial (9.5%), neryl acetate 
(9.1%), -pinene (8.6%), z-citral (7.6%) and nerol (5.9%) were predominant.  
A total of 35 and 42 compounds were identified from the chromatogram of the oils 
(appendix 31-32) accounting for 99.8% and 98.5% of the total oil composition 
respectively from Addo and Riverside Lisbon dried leaf essential oils extracted on 2017 
(Table 3.5). Addo Lisbon dried leaf essential oil had D-limonene (32.8%), geranial 
(16.2%), z-citral (12.8%), -pinene (10.3%) and neryl acetate (4.7%). This pattern is 
quite in variance with the Eureka peel and leaf and Lisbon peel oils and noteworthy.  
Riverside Lisbon dried leaf essential oil however followed the same pattern although 
with slight modification in that -terpinene was absence.  D-limonene (34.2%), -
pinene (11.4%), geranial (8.7%), neryl acetate (7.9%), z-citral (7.1%), and nerol 
(5.4%) characterized the major compounds in the Riverside dried leaf oil.  
Oils extracted from Lisbon dried leaf collected in 2018, had a total of 35 compound 
identified in both essential oils (98.4% and 98.9%) for Addo and Riverside essential 
oils respectively (Table 3.5).  
Major components for Addo Lisbon dried leaf essential oils were D-limonene (30.1%), 
geranial (17.3%), z-citral (13.6%) and -pinene (10.5%), whereas for Riverside dried 
leaf essential oil the prominent compounds were D-limonene (31.7%), -pinene 
(11.8%), geranial (9.6%), neryl acetate (8.7%), z-citral (7.5%), and nerol (5.6%). 
Chromatograms for these essential oils are presented in Appendix 33-36. 
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Table 3.5: Chemical composition of Lisbon fresh and dried leaf essential oils extracted in 2017 and 2018 
Compounds 
 
KI LFLA LFLR LDLA LDLR Mass fragments 
  2017 2018 2017 2018 2017 2018 2017 2018  
Hexanal 798 - - - - 0.6 0.6 0.1 - 100, 44, 56, 41 
o-Xylene 864 - - - - 0.1  -  106, 91, 105, 77 
4-Hexen-1-ol,(E) 883 0.1 0.1 - - -  -  100, 67, 41, 55 
Ethanol,2-butoxy 887 0.2  0.2  0.2  0.2  118, 57, 45, 41 
6-Methyl-5-hepten-2-one 985 2.4 2.5 2.2 2.2 1.5 1.4 0.7 0.8 126, 43, 41, 69 
Octanal 1002 - 0.1 - - 0.1 0.1 - - 128, 43, 44, 69 
Thymol methyl ether  - - - - - 1.5 - 1.5 128, 43, 44, 56 
Monoterpene Hydrocarbons 
-Thujene 931 0.1 - - - - 0.1 0.2 0.1 136, 93, 91, 77 
-Pinene 937 0.8 - 0.7 - 1.4 - 1.2 - 136, 93, 91,92 
Camphene  - - - 0.1 0.1 0.1 0.1 - 136, 93, 77, 41 
Sabinene 974 2.0 1.8 1.8 1.7 2.2 2.0 2.5 2.3 136, 93, 91, 77 
-Pinene 981 8.6 8.8 7.7 8.1 10.3 10.5 11.4 11.8 136, 93, 41, 69 
-Myrcene 990 1.2 1.1 1.1 1.1 1.3 1.1 1.4 1.3 136, 41, 93, 69 
3-Carene 1011 0.7 0.6 1.0 0.9 0.6 0.6 1.3 1.3 136, 93, 91, 79 
4-Carene 1018 - - 0.1 - - - 0.3 - 136, 93, 121, 91 
-Terpinene - - - - - - - - 0.1 136, 136, 121, 91 
m-Cymene 1022 0.2 - - - 0.2 - 0.1 0.2 134, 119, 91, 65 
p-Cymene 1026 - 0.2 0.3 0.3 - 0.2 - - 134, 119, 91, 65 
D-Limonene 1030 32.0 31.5 35.0 32.0 32.8 30.1 34.2 31.7 136, 67, 93, 79 
-Ocimene 1053 1.8 1.6 1.6 1.3 2.3 1.8 2.0 1.8 136, 93, 91, 79 
-Terpinene 1056 0.2 0.3 0.2 0.2 0.5 0.4 0.4 0.4 136, 93, 77, 41 
Terpinolene 1076 - - - - 0.1 - - - 136, 93, 121, 91 
Isoterpinolene 1086 0.1 0.1 - 0.1 0.2 0.2 - 0.2 136, 93, 136, 121 
Oxygenated monoterpenes 
Eucalyptol 1033 2.5 2.2 1.2 2.2 1.0 1.6 0.5 1.5 154, 43, 81, 108 
Nonanal 1087 0.2 0.2 0.2 0.1 0.2 0.2 0.1 0.1 142, 57, 41, 43 
Linalool 1103 2.1 2.1 2.8 2.7 1.8 1.8 2.0 1.2 154, 43, 71, 55 
Sabinene hydrate 1112 - - - - 1.4 1.3 - - 154, 43, 93, 71 
cis-Limonene oxide 1135 - - - - - 0.1 - - 152, 43, 67, 41 
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Neoisopulegol 1146 - - 0.1 0.1 - - - 0.2 154, 41, 71, 69 
Citronellal 1151 1.3 1.6 1.6 1.5 1.9 - 1.9 1.9 154, 41, 69, 55 
Isoneral 1153 0.3 0.3 0.1 0.1 0.4 - 0.2 0.2 152, 67, 94, 41 
Isopulegol 1158 0.1 - - 0.1 - - - - 154, 41, 71, 69 
exo-Isocitral 1166 0.1 0.1 - - 0.1 0.1 - - 152, 69, 41, 109 
Terpinen-4-ol 1175 1.2 - 1.0 0.9 0.1 0.1 0.1 0.9 154, 71, 111, 43 
-Terpineol 1176 1.0 - 1.2 1.2 0.5 1.0 - 0.9 154, 59, 93, 121 
Terpenen-4-ol 1180 - 1.3 - - - - 0.9 0.1 154, 71, 111, 43 
Terpineol 1185 - - - 0.9 -  0.9 - 154, 59, 93, 53 
-Terpineol 1189 - - - - 0.5 0.1 - - 154, 59, 93, 121 
Citronellol 1220 - - - 1.6  - - - 156, 69, 41, 67 
Nerol  1228 3.4 3.5 5.7 5.9 2.1 2.2 5.4 5.6 154, 41, 69, 81 
Z-Citral 1247 11.5 12.1 7.6 7.9 12.8 13.6 7.1 7.5 152, 41, 69, 39 
3,7-Dimethyl-2-octene 1263 1.3 1.2 1.4 - 0.3 0.3 0.9 0.9 156, 69, 55, 67 
Geraniol 1266 2.4 2.4 2.7 2.9 0.7 1.6 2.6 2.7 154, 41, 69, 81 
Geranial 1270 14.2 15.4 9.0 9.5 16.2 17.3 8.6 9.6 152, 41, 69, 95 
8-Hydroxymenthol 1301 - - 0.1 - - - -  172, 81, 59, 96 
Limonene glyco 1343 0.2 0.3 0.2 0.2 - - -  170, 71, 67, 108 
Esters 
(E)-Methyl geranate 1302 - - 0.2 0.1 - - 0.1 - 182, 69, 41, 114 
Methyl geranate 1327 - - - 0.3 - - - - 182, 69, 41, 114 
4-Terpinenyl acetate 1286 0.1 - - - 0.1 - - - 196, 93, 121, 136 
Citronellyl acetate 1354 0.2 0.1 0.5 0.6 0.1 0.2 0.5 0.6 198, 43, 69, 81 
Neryl acetate 1365 3.2 3.3 8.4 9.1 4.7 2.8 7.9 8.7 196, 41, 69, 93 
Geranyl acetate 1383 3.0 3.2 3.6 3.8 - 2.7 0.2 - 196, 41, 69, 93  
Sesquiterpene hydrocarbons 
cis--Bergamotene 1412 - - - - - - 0.2 - 204, 119, 93, 69 
Caryophyllene 1419 0.2 - 0.2 0.3 - 0.5 2.0 1.9 204, 41, 91, 79 
Bergamotene 1433 - - - - - - - 0.1 204, 93, 119, 41 
Humulene 1454 - - - - - - 0.2 0.2 204, 93, 80, 121 
Bicyclogermacrene 1494 - - - - 0.1 - 0.2 0.2 204, 93, 121, 41 
-Bisabolene 1520 - - - - - 0.1 0.3 0.1 204, 41, 69, 93 
Oxygenated sesquiterpenes 
Caryophyllene oxide 1573 - - - - - 0.1 0.3 0.4 220, 43, 91, 79 
(-)-Spathulenol 1577 - - - - - - 0.1 - 220, 43, 91, 119 
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-Bisabolol 1683 - - - - - - 0.1 0.1 222, 43, 69, 109 
Oxygenated diterpene 
Phytol - - - - - - - 0.1 - 296, 71, 43, 51 
Monoterpenes 47.5 46.0 49.5 45.8 52.0 47.1 54.1 51.2  
Oxygenated monoterpenes 40.8 42.7 34.9 37.8 40.0 41.3 31.2 33.3  
Sesquiterpenes  0.2 - 0.2 0.3 0.1 0.6 2.9 2.5  
Oxygenated sesquiterpenes - - - - - 0.1 0.5 0.5  
Oxygenated Diterpenes - - - - - - 0.1 -  
Esters 6.5 6.6 12.7 13.9 4.9 5.7 8.7 9.1  
Others 2.7 2.7 2.4 2.2 2.5 3.6 1.0 2.3  
Total (%) 98.9 98.0 99.7 99.9 99.8 96.9 99.6 98.4  
KI: Kovat’s index; LFPA: Addo Lisbon fresh leaf; LFPR: Riverside Lisbon fresh leaf; LDPA: Addo Lisbon dried leaf; LDPR: Riverside Lisbon dried leaf. 
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In summary, monoterpenes were also found to dominate the Lisbon essential oils 
profile with D-limonene (30.1% - 74.8%) as the main compound.  This is in 
agreement with literature that essential oils of citrus lemon are rich in 
monoterpenes (Kalimaroosta et al., 2016).  
 
3.5 South African C. limon essential oil composition 
From the analysis of the compounds obtained by GC-MS, which were identified 
using MS fragment ions and GC-MS Kovats index, both Eureka and Lisbon essential 
oils all had monoterpene hydrocarbons as the most abundant class of compounds 
followed by their oxygenated derivatives. South African C. limon peel essential oils 
are rich in moneterpenes, while oxygenated monoterpenes were found in 
abundance in the leaf essential oils although not as high as monoterpenes. 
Although it has been reported that the quality and quantity of essential oils do vary 
based on several factors such as geographic distribution, environmental conditions, 
harvest time, extraction method and also an interaction of other factors (Hsouna et 
al., 2017; Hu et al., 2017), in our present report, the variation was not that 
pronounced. Nonetheless, essential oil quantity was different for almost all essential 
oils; the peels yielded the highest quantity of essential oils compared to that of 
leaves.  
Ahmad et al., (2006) reported Eureka peel essential oils to contain limonene, -
pinene, -terpinene and myrcene as major compounds; whereas for this study 
prominent compounds were D-limonene, -pinene, -terpinene, geranial and z-
citral. A study from France on Eureka leaf oil had -pinene, limonene, neral and 
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geranial as major major compounds. This therefore suggests that South African 
Eureka lemon closes resembles the France chemotype as reported by Lota et al., 
(2002). 
Lisbon lemon peel essential oil studied in France was composed of major compound 
such as -pinene, limonene and -terpinene and -pinene as the dominant 
components (Lota et al., 2002); while in this study D-limonene, -pinene, -
terpinene, p-cymene, terpinene-4-ol and sabinene were the dominant components. 
South African Lisbon lemon leaf essential oils however differs to that reported by 
Lota et al., (2002) as compared to their report on the peel oils. In our report, D-
limonene is the most prominent compound followed by geranial, z-citral, neryl 
acetate and nerol. D-limonene content on almost all the leaf essential oils from this 
study decreases by either 1% or more from (March 2017-April 2018) except in 
Riverside Eureka fresh leaf which was vice versa, and this has been noticed on 
other citrus type (Valentia) that limonene content decreases during the harvest 
season (Bai et al., 2016). Furthermore, although the composition of C. limon 
essential oil has been reported widely, the species or varieties were unspecified 
(Lota et al., 2002), hence a full comparison cannot be properly done. 
Major compounds found in this current study can be grouped into three major 
classes; monoterpenes, oxygenated monoterpenes and sesquiterpenes.  
Monoterpenes present in large amounts are D-limonene, -pinene, -terpinene, 
sabinene, myrcene, p-cymene; oxygenated monoterpenes: geranial, z-citral, 
geraniol, terpineol, -terpeniol, nerol; esters: neryl acetate and sesquiterpenes: 
caryophyllene as shown in Figure 3.5. The compounds shown are the prominent 
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compounds found in the South African C. limon essential oils with percentages 
above 3.9%.  D-limonene is the major leading compound for all the essential oils.  
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Figure 3.5: Chemical structures of C. limon essential oil major compounds 
 
D-Limonene is the main constituents of many citrus essential oils especially peel 
essential oil. It has a lemon-like odor, for that is used as flavour in food, beverages 
and fragrances (Ravichandrana et al., 2018). Limonene is known to possess a 
76 
 
number of biological activities and is well known for its antiviral properties; it helps to 
detoxify the liver and also to prevent tumour development (Sandra et al, 2007).   
 
3.6 Fragmentation pattern of the South African C. limon major compound 
A fragmentation pattern is when a molecular ion breaks into smaller ions, radicals 
and neutral molecule. Fragmentation pathways were also used in this study to 
identify the compounds. D-limonene is the major compound for all studied South 
African C. limon essential oils. A number of compounds such as -pinene, -
terpinene, sabinene, are derived from limonene.  
D-Limonene has 68, 93 and 79 (Figure 3.6) as the first three highest peaks, where 
68 is also a base peak. Limonene undergoes maclafferty rearrangement in order to 
open ring, so that it can be further fragmented to form other peaks such as 68, 
107, 53, 79, 67 and 41. 
 
77 
 
CH3 CH2
CH3
+
C
+
CH3 CH3
CH
+
CH3
C
+
CH2
CH3CH3
CH3
CH CH3
CH3
CH2
CH3 CH3
CH2
CH2CH
+
CH2
CH3CH3
CH2
CH2
C
+
CH2
CH3 CH3
CH
m/z 136
m/z=121
m/z=93
m/z=79
m/z 95
CH2
CH2
+
CH3
CH3
CH
CH3
CH2
CH
CH3
CH2
C
+
CH3
CH3 CH2
CH2
CH2
CH
+
CH3
CH2
CH3
CH2CH3
CH2
CH2
CH3
m/z=67
H
+
-
m/z=41
m/z=68
m/z=107
m/z=53
+
+
+
+ +
+
+
a
a
b
b
c
c
d
e
f
g
fg
e
d
CH CH2
Figure 3.6: Fragmentation pattern of D-limonene 
 
3.7 Conclusion 
Our study on the peels and leaves of two varieties of C. limon varieties (Eureka and 
Lisbon) growing in South Africa from two Provinces reveal that the oils are rich in 
monoterpenes with limonene, -pinene, -terpinene characterizing the Eureka peel 
oil; limonene, -pinene, citral and geranial the Eureka leaf oils. The chemical profile 
of the South African Lisbon lemon is similar in pattern to the Eureka peel and leaf 
oils chemical profile with D-limonene, -pinene and -terinene for the peel oil and 
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limonene, -pinene, citral and geranial for the leaf oil. Although it was difficult to 
find a chemotype from other reports that rightly fits the South African’s peel oil, the 
closest chemotype was that from France reported by Lota et al., (2002).  
Other noticeable compounds are p-cymene which is present in an appreciable 
amount in peel oils form Lisbon lemon fresh peel both from Addo and Riverside and 
from Eureka Riverside sample.  Sabinene was found significantly high in the fresh 
peel of Lisbon lemon Riverside sample and Mystic Eureka fresh leaf. Caryophyllene 
was identified in the Mystic Eureka dry leaf oil (6.5%). This is the first time that this 
compound is being identified as a major constituent of citrus peel or leaf oil. 
This study, although limited to two Provinces reveals the rich resources in the peel 
and leaf oil of C. limon which can be explored further for small scale industries in 
the production of limonene, -pinene, -terpinene and other significant compounds 
instead of allowing it to go to waste.  
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Chapter 4 
Insecticidal assay 
4.1 Background: Insecticides  
Stored insects are a problem globally since they reduce both quality and quantity of 
a stored grain, thus resulting in nutrient loss (Oben et al., 2015). Sitophilus zeamais 
commonly known as maize weevil (Figure 4.1) is one of the most destructive 
insects. They do not only attack maize but they also attack other stored products 
such as rice, wheat, and beans. Maize is one of the most important crops in 
developing countries such as South Africa, since it provides a staple food and 
serves as a major source of income for many (Tagne et al., 2008).  
Synthetic insecticides such as methyl bromide and phosphine have been developed 
for controlling stored product insects. Insects have become resistant towards these 
insecticides and have a number of draw backs such as environmental unfriendly 
and harmful to human health (Arena et al., 2017; Suthisut et al., 2011). Although 
there has been a replacement for these two insecticides mentioned above with 
‘sulfuryl fluoride’, it also has its own disadvantages which includes high dosage for 
effectiveness and it also takes long time for it to be effective (Suthisut et al., 2011). 
In addition, the poor storage facilities of traditional farmers in developing countries 
are not suitable for effective conventional chemical control (Tapondjou et al., 
2002). All the above mentioned insecticides are expensive and therefore cannot be 
accessed to for low class farmers and community, therefore there is a need for 
newly developed accessible and user friendly insecticides. Natural insecticides have 
been used to control insects since ancient times before the initiation of synthetic 
chemicals (Moreira et al., 2007; Oshaghi et al., 2003).  Organic insecticides 
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compared to synthetic ones may be safer for the environment, easily processed, 
less expensive and used by both farmers and small industries (Belmain and 
Stevenson, 2001).  
 
Figure 4.1: Sitophilus zeamais 
 
Monoterpenes such as-pinene, limonene, terpinolene constituents a number of 
essential oils described in the literature insecticide repellent activity (Nerio et al., 
2010). Isolated oxygenated monoterpenes such as cineole, eugenol, citronellol, 
citronellal, camphor, thymol, geraniol and geranial have also been reported to 
possess strong repellent ability against Sitophilus zeamais and Callosobruchus 
maculatus (Reis et al., 2016). 
 
4.2 Research design 
Maize weevils were collected from Kwazulu-Natal, Umzimkhulu village, Gugwini 
location (30.7298° S, 29.4382° E), which were then cultured in the laboratory in 
plastic containers covered with a muslin cloth and held by the side with an 
expansible rubber band to allow for aeration and avoid suffocation of the weevils 
and equally prevent escape (Asawalam and Onu, 2014).  
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 Essential oils from C. limon dried leaf and peel were evaluated for insecticidal 
activities: repellent assay, contact toxicity and fumigation assay along with the 
powder of the leaf and peel. The experiment was carried out under controlled 
environmental conditions, at 25±2°C in the laboratory.  
 
4.3 Experimental design 
4.3.1 Insecticidal assay using essential oil 
4.3.1.1 Repellent assay of C. limon essential oils 
The repellent effect of C. limon essential oils against S. zeamais was studied 
according to method by Tapandjou et al., (2002) with some modification in the oil 
concentrations.  
The test area consisted of a 9 cm Whatman No.1 filter paper cut into 2 halves, one 
half having an area of 4.5 cm2. Different oil concentrations were prepared by 
diluting 10, 20, 30 and 40 µL of the oil with 1 mL n-hexane and these corresponds 
to concentrations of 0.31, 0.47, 0.94 and 1.26 µL of oil/cm2 of the filter paper, 
respectively. The other half was treated with 0.5 mL n-hexane alone and this 
served as a control. Both essential oil treated and n-hexane treated filter paper 
halves were air dried for 10 minutes to evaporate the solvent. With the aid of a 
transparent tape, both halves were later joined together into full discs and placed in 
9 cm glass Petri dishes. A total of 10 S. zeamais were released at the centre of the 
re-joined filter paper disc and the cover was placed over petri dish (Figure 4.2). 
Each treatment was replicated 3 times using factorial design. The number of 
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individual present in the control (Nc) and treated (Nt) areas of the filter paper was 
recorded for 1, 2, 4, 6, and 24 hours. Percentage repellency (PR) was calculated as 
follows: 
 PR = ((Nc - Nt)/(Nc + Nt))  100  
Concentration was calculated by dividing the oil quantity (µL) by the surface area of 
half the filter paper (31.81 cm²). Results are represented as the mean of percentage 
repellency ± the standard error (Tables 4.2 - 4.3).  
 
Figure 4.2: Repellent assay experiment setup 
 
4.3.1.2 Fumigant assay of C. limon essential oil  
Fumigant assay of Eureka and Lisbon dried peel and leaf essential oils were done 
according to Peebles et al., (2011) method.  
The fumigation chambers consisted of 350 mL glass jars with screw-on lids. For the 
bioassay, solutions of 0, 8, 16, 32 and 40 µL of the oil was each diluted with 1 mL n-
hexane to correspond to concentrations of 0 (control), 0.02, 0.05, 0.09 and 0.11 
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µL/mL calculated by dividing oil concentration with volume of the fumigant chamber 
and these converted concentrations were used for probit. A portion of 1 mL of each 
essential oil concentration was separately applied to 7 mm diameter discs of Whatman 
No.1 filter paper, air-dried for 10 minutes and placed at the bottom of the jars. 10 S. 
zeamais were placed on muslin cloths 21  29 mm each with 20 g whole maize grains. 
The cloths were tied closed with rubber bands and hung at the centre of the jars, 
which was then sealed with air-tight lids (Figure 4.3). Sitophilus zeamais were 
considered dead when probed with sharp objects and there were no responses. Three 
replicates of the treatments and untreated controls were laid out in factorial 
experimental design. Fumigation was carried out for 24 hours, after which the S. 
zeamais were transferred from the fumigation chambers onto clean maize, and 
mortality were checked daily for 24, 48, 72 and 96 hours.  
 
Figure 4.3: Fumigation assay experiment set up 
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4.3.1.3 Contact toxicity of the essential oil  
Contact effect of the C. limon essential oil on the S. zeamais was investigated 
according to the modified Peebles et al., (2011) method.  
Maize were treated with concentrations of 0, 50, 100, 200 and 300 µL of essential 
oil in 1 mL n-hexane. The different concentrations of the oil were mixed with 40 g 
of maize grain respectively, resulting in the following concentrations 0, 1.25, 2.50, 
5.00 and 7.50 µL/g. These were thoroughly stirred to allow for homogeneity of the 
oil on the treated grains. Treated samples were air dried for 1 hour in order to 
remove the solvent. The maize was thereafter infested with 20 S. zeamais per jar 
and each jar (300 mL) was covered with a cotton mesh held in place by cover rims 
(Figure 4.4). Sitophilus zeamais were considered dead when probed with sharp 
objects and there were no responses. Three replicates of the treatments and 
untreated controls were laid out in factorial experimental Design.  Sitophilus 
zeamais mortality was checked daily for 24, 48, and 72 hours. The log converted 
concentrations were used for probit analysis. 
 
Figure 4.4: Contact assay experiment setup 
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4.3.2 Insecticidal assay using powder 
Dried lemon leaves and peels were dried inside the laboratory and undervant 
crushing in an electric miller to form powder (Figure 4.5). The experiment was 
carried with the aim of assisting local farmers who may not have access to essential 
oil extraction facility for the preservation of their products.  
 
 
Figure 4.5: Powder of dried lemon peel and leaf 
 
4.3.2.1 Powder assay 
Portions of 0.5, 1.0, 2.5 and 5.0 g of each plant powders corresponding to 2.5, 5.0, 
12.5 and 25.0% w/w concentration which were weighed and each added to a 20 g 
of clean undamaged and uninfected maize in 150 mL plastic containers. The maize 
in the controls contained no plant powders. The containers with their contents were 
gently shaken to ensure thorough mixture of the maize seeds and treatment 
powders. A total of ten S. zeamais were introduced to each of the containers and 
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covered (Figure 4.6). Three replicates of the treatments and untreated controls 
were laid out in factorial experimental design. The mortality was assessed after 
every 24 hours for 5 days. Sitophilus zeamais were considered dead when probed 
with sharp objects and there were no responses (Ileke and Oni, 2011). Percent 
mortality was determined using the following formula:  
(%) Mortality = [No of dead insects / Total no of insects] × 100 
 
Figure 4.6: Powdered assay experiment setup 
 
4.3.3 Statistical analysis 
The mean mortality against all tested essential oils was calculated according to 
analysis of variance (ANOVA) using factorial design. The ANOVA results that 
revealed significant difference were then subjected to post hoc analysis through 
(Duncan test) using statistica program. Values with p<0.05 were considered 
significantly different. The concentrations and mortality data for both fumigant and 
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contact toxicity assays were subjected to probit using the SPSS 25.0 statistical 
program to calculate the LC50. The lethal concentration was considered to be 
significantly different if 95% confidence limit did not overlap. In probit the higher p-
values indicate that the model fits the data well, whereas the lower p-values 
indicate that the predicted probabilities from the model differ significantly from the 
observed probabilities in the data.  
 
4.4 Results and discussion  
4.4.1 Repellent assay  
Repellent is a substance that prevents insects from settling on a vantage position 
for a known period of time (Nchu et al., 2016). Repellent assay is one of the 
laboratory methods used to search for substance that can be used to control 
insects. 
 
4.4.1.1 Repellent effect of C. limon essential oil concentration over time 
The repellent effect of C. limon essential oils against S. zeamais are presented in 
Table 4.1. All studied essential oils were repulsive at all different concentrations 
against S. zeamais, but highest repellent effect was at 40 µL. Generally, at this 
concentration, Lisbon lemon essential oils were the most repulsive essential oils 
with repellent percentage range of (78.33% - 88.00%), while Eureka essential oils 
had repellent percentage range of (61.33% - 74.67%) (Table 4.1).  
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Table 4. 1: Repellence index of C. limon essential oil concentrations against S. zeamais 
Essential oils 10 µL 20 µL 30 µL 40 µL F3,56 P-values 
EDPA 40.00 ± 4.78a 58.67 ± 5.33a 65.33 ± 6.61a 65.33 ± 6.61b 4.1368 <0.05* 
EDPR 49.33 ± 5.47a 49.33 ± 5.11b 50.67 ± 4.73c 74.67 ± 5.33d 5.8084 <0.05* 
EDPM 48.00 ± 5.09a 77.33 ± 3.84b 74.67 ± 7.16c 61.33 ± 4.56d 6.4745 <0.001* 
LDPA 52.00 ± 5.09a 69.33 ± 5.47b 57.33 ± 5.81c 82.67 ± 4.73d 6.6455 <0.001* 
LDPR 49.33 ± 6.72a 64.00 ± 6.82a 66.6 ± 6.95b 84.00 ± 4.45c 5.0599 <0.05* 
EDLA 42.67 ± 5.11a 45.33 ± 5.68a 41.33 ± 4.96a 74.67 ± 4.56b 9.6927 <0.0001* 
EDLR 49.33 ± 6.72a 37.33 ± 5.47b 56.00 ± 6.23a 67.33 ± 7.07b 3.8401 <0.05* 
EDLM 69.33 ± 5.47 54.67 ± 4.96 60.00 ± 7.04 61.33 ± 6.01 1.0483 >0.05 
LDLR 50.67 ± 5.11a 80.00 ± 4.36b 52.00 ± 5.09a 88.00 ± 3.80b 17.1365 <0.0001* 
LDLA 73.33 ± 6.95 72.00 ± 5.45 82.67 ± 4.73 78.33 ± 2.82 1.4180 >0.05 
EDPA: Addo Eureka dried peel; EDPR: Riverside Eureka dried peel; EDPM: Mystic Eureka dried peel; LDPA: Addo Lisbon dried peel; LDPR: Riverside Lisbon 
dried peel; EDLA: Addo Eureka dried leaf; EDLR: Riverside Eureka dried leaf; EDLM: Mystic Eureka dried leaf; LDLA: Addo Lisbon dried leaf; LDLR: Riverside 
Lisbon dried leaf. Means followed by the same letter in a row do not differ significantly by Duncan test at p<0.05. *Goodness-of-fit test is significant 
(p<0.05).
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The rational for this higher activity could be linked to the monoterpene content in 
Lisbon peel essential oils which ranged (86.00% - 88.8%) as compared to (69.70% - 
85.30%) in Eureka peel essential oils, while oxygenated monoterpene percentage 
range of Lisbon leaf essential oils (21.10% - 39.90%) and Eureka leaf essential oils 
(11.90% - 22.80%). Oxygenated monoterpenes such as citronellal, citronellol, 
geraniol, eugenol and geranial have been reported to possess strong repellent abilities 
against insects including stored product insects and mosquitoes. Monoterpenoids are 
said to possess anti-insecticidal properties (Reis et al., 2016; Nerio et al., 2010).  
 
4.4.1.2 Comparative effect of Eureka essential oil concentrations over time  
The repellent effect of the essential oil against S. zeamais varies depending on the 
essential oil chemical composition and effectiveness of the essential oil concentration 
over time. After 2 hours of interaction at 10 µL concentration, all the Eureka peel 
essential oils there were different significant responses with their repellency 
percentages as Riverside Eureka dried peel essential oil (60.00 ± 11.55%), Mystic 
Eureka dried peel essential oil (33.33 ± 6.67%) and Addo Eureka dried peel essential oil 
(26.67 ± 6.67%). Similar pattern was also observed for the Eureka leaf essential oils 
with Mystic Eureka dried leaf essential oil (60.00 ± 0.00%), Riverside Eureka dried leaf 
essential oil (73.33 ± 13.33%) and Addo Eureka dried leaf essential oil (33.33 ± 
13.33%) (Table 4.2a). The F-value after 2 hours was 3.77 showing that there was 
statistically significance, while at 1 hour there was no statistical significance, however 
the F-values and general observations shows that there is a difference between Mystic 
Eureka dried peel essential oil (66.67 ± 13.33%) and Riverside Eureka dried peel 
essential oil (26.67 ±6.67%) (Table 4.2a).  
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Addo and Mystic Eureka dried peel essential oils exhibited similar toxicity effect at 
concentration 20 µL after 1, 2 and 6 hours of exposure. However Riverside Eureka dried 
peel essential oil was significant difference to that of Addo and Mystic Eureka dried peel 
essential oils from 1 to 24 hours. Generally, all Eureka dried leaf essential oils repellent 
effect was significantly different after 4 to 24 hours of exposure, whereas after 1 hour 
Addo Eureka dried leaf essential oil (66.67 ± 6.67%) and Mystic Eureka dried leaf 
essential oil had similar repellent activities which were significantly different to that of 
Riverside Eureka dried leaf essential oil. After 2 hours Addo and Riverside Eureka dried 
essential oils had similar repellent effects of 26.67 ± 6.67%, while Mystic Eureka dried 
leaf essential oil (33.33 ± 6.67%) had significant different response (Table 4.2b).  
At 30 µL Addo Eureka dried peel essential oil (86.67 ± 6.67%) and Mystic Eureka dried 
peel essential oil (80.00 ± 2.00) revealed no significant difference; while Riverside 
Eureka dried peel essential oil (60.00 ± 11.55%) has lower repellent effect than Addo 
and Mystic peel essential oils. This format was also seen in the Eureka leaf essential 
oils, where Addo and Mystic Eureka leaf essential oils possessed similar response with 
repellency percentage of 26.67 ± 6.67% which was significant different from Riverside 
Lisbon dried leaf essential oils (60.00 ± 11.55%) (Table 4.2c). At 40 µL all Eureka peel 
essential oils were significantly different. However, leaf essential oil exhibited significant 
results after 4 and 6 hours only; where Mystic eureka dried leaf essential oil (53.33 ± 
13.33%) had a significantly different response against Riverside Eureka dried leaf 
essential oil (86.67 ± 13.33%) and Addo Eureka dried leaf essential oil (93.33 ± 6.67%) 
(Table 4.2d). After 6 hours of exposure Mystic Eureka dried leaf essential oil (80.00 ± 
0.00%) and Addo Eureka dried leaf essential oil (73.33 ± 17.64%) exhibited similar 
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response against each other, whereas Riverside Eureka dried leaf essential oil (26.67 ± 
6.67%) responded significantly different. 
 
4.4.1.3 Comparative repellent effect of Lisbon lemon essential oils overtime 
At 10 µL, a significant difference was observed between Riverside Lisbon leaf essential 
oil (20.00 ± 0.00%) and Addo Lisbon peel essential oil (73.33 ± 6.67%) after 24 hours, 
while after 6 and 24 hours the Addo Lisbon dried leaf essential oil (99.33 ± 6.67 % and 
100.00 ±0.00%) and Riverside Lisbon dried leaf oil (46.57 ± 6.67% and 73.33 ± 
6.67%) were significantly different (Table 4.3a).  
There was no significant difference between Lisbon peel essential oils at 20 µL and 
this also applies to the Lisbon dried leaf essential oils (Table 4.3b). At 30 µL Riverside 
Lisbon dried peel essential oil (86.67 ± 6.67%) and Addo Lisbon dried leaf essential 
oil (40.00 ± 11.55%) were significantly different after 2 hours and this also applies on 
Riverside Lisbon dried leaf essential oil (40.00 ± 11.55%) and Addo Lisbon dried leaf 
essential oil (60.00 ± 11.55%) (Table 4.3c). All Lisbon essential oils showed no 
significant difference at 40 µL (Table 4.3d). Although there was no statistical 
significant between all essential oils since (p>0.05), but the F-ratios after 4 hours at 
10 µL (3.85), 2 hours at 20 µL (2.79) and after 4 hours at 30 µL (4.00) are all closely 
related to the lowest F-ratio (4.40) where there was significant difference and that is 
the reason there seem to be significant difference (Tables 4.3a-4.3c). 
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Table 4.2a: Comparison of repellent effect of Eureka lemon essential oils against S. zeamais at 10 µL 
Essential oils 1 h 2 h 4 h 6 h 24 h 
EDPA 33.33 ± 6.67 26.67 ± 6.67a 26.67 ± 6.67 60.00 ± 11.55 53.33 ± 6.67 
EDPR 26.67 ± 6.67 60.00 ± 11.55c 60.00 ± 11.55 60.00 ± 11.55 40.00 ± 11.55 
EDPM 26.67 ± 6.67 33.33 ± 6.67b 53.33 ± 6.67 60.00 ± 0.00 66.67 ± 13.33 
EDLA 40.00 ±11.55 33.33 ± 13.33b 46.67 ± 17.64 40.00 ± 11.55 53.33 ± 6.67 
EDLR 26.67 ± 6.67 73.33 ± 13.33d 26.67 ± 6.67 53.33 ± 13.33 66.67 ± 13.33 
EDLM 66.6 ± 13.33 60.00 ± 0.00c 60.00 ± 20.00 73.33 ± 6.67 86.67 ± 13.33 
F5,12 3.00 3.77 1.46 1.14 2.04 
P-value >0.05 <0.05 >0.05 >0.05 >0.05 
EDPA: Addo Eureka dried peel; EDPR: Riverside Eureka dried peel; EDPM: Mystic Eureka dried peel; EDLA: Addo Eureka dried leaf; EDLR: Riverside Eureka 
dried leaf; EDLM: Mystic Eureka. Means followed by the same letter in a column per concentration do not differ significantly by Duncan test at p<0.05.  
 
Table 4.2b: Comparison of repellent effect of Eureka lemon essential oils against S. zeamais at 20 µL 
Essential oils 1 h 2 h 4 h 6 h 24 h 
EDPA 60.00 ± 0.00b 86.67 ± 6.67d 53.33 ± 6.67c 60.00 ± 11.55d 33.33 ± 6.67a 
EDPR 26.67 ± 6.67a 53.33 ± 13.33c 60.00 ± 11.55c 53.33 ± 13.33c 53.33 ± 6.67c 
EDPM 80.00 ± 11.55b 86.67 ± 6.67d 73.33 ± 6.67d 66.67 ± 6.67d 80.00 ± 11.55e 
EDLA 66.67 ± 6.67b 26.67 ± 6.67a 40.00 ± 11.55b 26.67 ± 6.67a 66.67 ± 6.67d 
EDLR 33.33  ± 6.67a 26.67 ± 6.67a 20.00 ± 0.00a 33.33 ± 6.67b 73.33 ± 6.67e 
EDLM 66.67 ± 13.33b 33.33 ± 6.67b 60.00 ± 11.55c 66.67 ± 6.67d 46.67 ± 6.67b 
F5,12 5.92 12.11 4.29 3.64 5.23 
P-value <0.01 <0.001 <0.05 <0.05 <0.01 
EDPA: Addo Eureka dried peel; EDPR: Riverside Eureka dried peel; EDPM: Mystic Eureka dried peel; EDLA: Addo Eureka dried leaf; EDLR: Riverside Eureka 
dried leaf; EDLM: Mystic Eureka. Means followed by the same letter in a column per concentration do not differ significantly by Duncan test at p<0.05.
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Table 4.2c: Comparison of repellent effect of Eureka lemon essential oils against S. zeamais at 30 µL 
Essential oils 1 h 2 h 4 h 6 h 24 h 
EDPA 60.00 ± 11.55 60.00 ± 11.55 86.67 ± 6.67d 33.33 ± 6.67 86.67 ± 13.33 
EDPR 53.33 ± 13.33 60.00 ± 0.00 60.00 ± 11.55b 53.33 ± 6.67 86.67 ± 13.33 
EDPM 73.33 ± 17.64 80.00 ± 20.00 80.00 ± 20.00d 60.00 ± 20.00 80.00 ± 11.55 
EDLA 33.33 ± 6.67 53.33 ± 6.67 26.67 ± 6.67a 26.67 ± 6.67 66.67 ± 6.67 
EDLR 66.67 ± 17.64 40.00 ± 11.55 60.00 ± 11.55b 73.33 ± 13.33 40.00 ± 11.55 
EDLM 73.33 ± 17.64 53.33 ± 6.67 26.67 ± 6.67a 60.00 ± 11.55 86.67 ± 13.33 
F5,12 1.08 1.36 4.90 2.23 2.45 
P-value >0.05 >0.05 <0.05 >0.05 >0.05 
EDPA: Addo Eureka dried peel; EDPR: Riverside Eureka dried peel; EDPM: Mystic Eureka dried peel; EDLA: Addo Eureka dried leaf; EDLR: Riverside Eureka 
dried leaf; EDLM: Mystic Eureka. Means followed by the same letter in a column per concentration do not differ significantly by Duncan test at p<0.05.  
 
Table 4.2d: Comparison of repellent effect of Eureka lemon essential oils against S. zeamais at 40 µL 
Essential oils 1 h 2 h 4 h 6 h 24 h 
EDPA 60.00 ± 11.55 60.00 ± 11.55 86.67 ± 6.67d 33.33 ± 6.67a 86.67 ± 13.33 
EDPR 66.67 ± 13.33 73.33 ± 13.33 66.67 ± 6.67c 100.00 ± 0.00d 66.67 ± 13.33 
EDPM 73.33 ± 6.67 66.67 ± 17.64 53.33 ± 6.67b 66.67 ± 6.67b 46.67 ± 6.67 
EDLA 73.33 ± 6.67 60.00 ± 0.00 93.33 ± 6.67d 73.33 ± 17.64c 73.33 ± 6.67 
EDLR 76.67 ± 14.53 80.00 ± 11.55 86.67 ± 13.33d 26.67 ± 6.67a 66.67 ± 6.67 
EDLM 66.67 ± 6.67 33.33 ± 13.33 53.33 ± 13.33b 80.00 ± 0.00c 73.33 ± 13.33 
F5,12 0.34 1.68 3.60 10.74 1.55 
P >0.05 >0.05 <0.05 <0.001 >0.05 
EDPA: Addo Eureka dried peel; EDPR: Riverside Eureka dried peel; EDPM: Mystic Eureka dried peel; EDLA: Addo Eureka dried leaf; EDLR: Riverside Eureka 
dried leaf; EDLM: Mystic Eureka. Means followed by the same letter in a column per concentration do not differ significantly by Duncan test at p<0.05.
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Table 4.3a: Comparison of repellent effect of Lisbon lemon essential oils against S. zeamais at 10 µL 
Essential oils 1 h 2 h 4 h 6 h 24 h 
LDPA 60.00 ± 11.55 46.67 ± 6.67 33.33 ± 13.33 46.67 ± 6.67b 73.33 ± 6.67d 
LDPR 66.67 ± 17.64 26.67 ± 6.67 66.67 ± 6.67 66.67 ± 6.67b 20.00 ± 0.00a 
LDLA 73.33 ± 13.33 40.00 ± 11.55 60.00 ± 11.55 93.33 ± 6.67d 100.00 ±0.00e 
LDLR 60.00 ± 11.55 46.67 ± 6.67 26.67 ± 6.67 46.67 ± 6.67b 73.33 ± 6.67d 
F3,8 0.22 1.33 3.85 11.00 50.67 
P >0.05 >0.05 >0.05 <0.005 <0.0001 
LDPA: Addo Lisbon dried peel; LDPR: Riverside Lisbon dried peel; LDLA: Addo Lisbon dried leaf; LDLR: Riverside Lisbon dried leaf. Means followed by the 
same letter in a column per concentration do not differ significantly by Duncan test at p<0.05.  
 
Table 4.3b: Comparison of repellent effect of Lisbon lemon essential oils agaist S. zeamais at 20 µL 
Essential oils 1 h 2 h 4 h 6 h 24 h 
LDPA 60.00 ± 11.55 60.00 ± 11.55 86.67 ± 6.67 73.33 ± 17.64 66.67 ± 13.33b 
LDPR 80.00 ± 11.55 26.67 ± 6.67 80.00 ± 11.55 80.00 ± 11.55 53.33 ± 6.67b 
LDLA 66.67 ± 13.33 46.67 ± 6.67 80.00 ± 11.55 73.33 ± 6.67 93.33 ± 6.67d 
LDLR 80.00 ± 11.55 60.00 ± 11.55 86.67 ± 6.67 93.33 ± 6.67 80.00 ± 0.00d 
F3,8 0.69 2.79 0.17 0.67 4.44 
P >0.05 >0.05 >0.05 >0.05 <0.05 
LDPA: Addo Lisbon dried peel; LDPR: Riverside Lisbon dried peel; LDLA: Addo Lisbon dried leaf; LDLR: Riverside Lisbon dried leaf. Means followed by the 
same letter in a column per concentration do not differ significantly by Duncan test at p<0.05.  
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Table 4.3c: Comparison of repellent effect of Lisbon lemon essential oils against S. zeamais at 30 µL 
Essential oils 1 h 2 h 4 h 6 h 24 h 
LDPA 60.00 ± 11.55 40.00 ± 11.55b 53.33 ± 13.33 53.33 ± 13.33 80.00 ± 11.55 
LDPR 80.00 ± 11.55 86.67 ± 6.67d 40.00 ± 11.55 40.00 ± 11.55 86.67 ± 6.67 
LDLA 86.67 ± 6.67 60.00 ± 11.55c 93.33 ± 6.67 73.33 ± 6.67 100.00 ± 0.00 
LDLR 60.00 ± 11.55 40.00 ± 11.55b 53.33 ± 13.33 40.00 ± 11.55 66.67 ± 6.67 
F3,8 1.70 4.40 4.00 2.03 3.47 
P >0.05 <0.05 >0.05 >0.05 >0.05 
LDPA: Addo Lisbon dried peel; LDPR: Riverside Lisbon dried peel; LDLA: Addo Lisbon dried leaf; LDLR: Riverside Lisbon dried leaf. Means followed by the 
same letter in a column per concentration do not differ significantly by Duncan test at p<0.05.  
 
Table 4.3d: Comparison of repellent effect of Lisbon lemon essential oils against S. zeamais at 40 µL 
Essential oils 1 h 2 h 4 h 6 h 24 h 
LDPA 86.67 ± 6.67 80.00 ± 11.55 73.33 ± 17.64 86.67 ± 6.67 86.67 ± 13.33 
LDPR 73.33 ± 13.33 93.33 ± 6.67 86.67 ± 13.33 73.33 ± 6.67 93.33 ± 6.67 
LDLA 86.67 ± 6.67 60.00 ± 11.55 86.67 ± 13.33 93.33 ± 6.67 100.00 ± 0.00 
LDLR 86.67 ± 6.67 80.00 ± 11.55 93.33 ± 6.67 93.33 ± 6.67 86.67 ± 13.33 
F3,8 0.57 1.70 0.40 2.00 0.41 
P >0.05 >0.05 >0.05 >0.05 >0.05 
LDPA: Addo Lisbon dried peel; LDPR: Riverside Lisbon dried peel; LDLA: Addo Lisbon dried leaf; LDLR: Riverside Lisbon dried leaf. Means followed by the 
same letter in a column per concentration do not differ significantly by Duncan test at p<0.05.  
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4.4.2 Fumigant assay 
Fumigation is the most widely used method for controlling stored product pests such as 
S. zeamais (Arena et al., 2017). Fumigants are commonly defined as volatile substances 
that form gases or vapours toxic to stored insects, and microorganisms (Reis et al., 
2016).  Fumigant toxicity of C. limon essential oils were subjected to the probit analysis 
to calculate the insecticidal potential of C. limon essential oils against S. zeamais. The 
LC50 values and the corresponding confidence intervals for the C. limon essential oils on 
S. zeamais in treated glass jar are shown on Tables 4.4 - 4.5.  
 
4.4.2.1 Fumigant effect of C. limon essential oils against S. zeamais 
All C. limon peel essential oils showed fumigant activity against S. zeamais with LC50s 
ranging between 0.05 µL/mL to 0.35 µL/mL during the period of 48 to 96 hours. 
Lethal activity after 96 hours of exposure was highest in Addo Eureka dried peel 
essential oil (0.05 µL/mL) and lowest in Riverside Lisbon dried peel essential oil (0.15 
µL/mL) (Table 4.4). After 48 hours of exposure all Eureka leaf essential oils did not 
show any fumigant effect, whereas Lisbon lemon leaf essential oils began to show 
good fumigant toxicity against S. zeamais (Table 4.5).  The fumigant activity of C. 
limon leaf essential oils against S. zeamais had LC50 values ranging between 0.05 
µL/mL to a µL/mL level of concentration, where ‘a’ indicates that LC50 was not 
calculated because the mortality of insects were less than 50%. Lethal activity after 96 
hours of exposure was highest in Riverside Lisbon dried leaf essential oil (0.05 µL/mL) 
and lowest in Riverside Eureka dried leaf essential oil (0.24 µL/mL) (Tables 4.4-4.5).  
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Table 4.4: Fumigant toxicity effect of C. limon peel essential oils against S. zeamais  
EOs Exposure time (h) No of insect tested LC50( 95% CI) (µL/mL air) Slope ± SE 2 (df) P-value 
EDPA 48 150 0.13(0.97-0.26) 2.28 ± 0.59 14.29(10) >0.05 
72 150 0.08(0.06-0.10) 2.37  ± 0.49 12.29(10) >0.05 
96 150 0.05(0.04-0.06) 2.48 ± 0.47 10.79(10) >0.05 
EDPR 48 150 0.19(0.13-1.76) 3.23 ± 1.23 8.37(10) >0.05 
72 150 0.12(0.09-0.22) 2.41 ± 0.58 7.45(10) >0.05 
96 150 0.09(0.07-0.13) 2.67 ± 0.55 5.88(10) >0.05 
EDPM 48 150 0.31(b) 1.59 ± 0.62 15.55(10) >0.05 
72 150 0.09(0.05-40.65) 0.90 ± 0.42 4.65(10) >0.05 
96 150 0.06(b) 0.48 ± 0.41 5.45(10) >0.05 
LDPA 48 150 0.34(b) 1.35 ± 0.55 17.92(10) >0.05 
72 150 0.28(0.13-249.30) 1.20 ± 0.50 13.62(10) >0.05 
96 150 0.08(0.06-0.16) 2.15 ± 0.49 4.21(10) >0.05 
LDPR 48 150 0.25(b) 3.86 ± 3.00 4.21(10) >0.05 
72 150 0.19(0.13-0.86) 2.87 ± 0.96 5.89(10) >0.05 
96 150 0.15(0.09-2.30) 11.24 ± 0.47 11.22(10) >0.05 
EDPA: Addo Eureka dried peel; EDPR: Riverside Eureka dried peel; EDPM: Mystic Eureka dried peel; LDPA: Addo Lisbon dried peel; LDPR: Riverside Lisbon 
dried peel. LC50 values (concentration causing 50% mortality); log concentrations in µL/mL air were used to calculate the LC50 values; n=3 replicates of 10 
maize weevils. bSlope is not significantly different from zero, LC50 confidence limits cannot be computed  
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Table 4.5: Fumigant toxicity of C. limon leaf essential oils against S. zeamais 
EOs Exposure time 
(h) 
No of insects tested  LC50( 95% CI) (µL/mL air) Slope ± SE 2 (df=10) P-value 
EDLA 48 150 a - - - 
 72 150 0.46(0.17->1000) 1.21 ± 0.59 6.60(10) >0.05 
 96 150 0.18(0.10-8.37) 1.19 ± 0.47 8.18(10) >0.05 
EDLR 48 150 a - - - 
 72 150 0.92(b) 1.26 ± 0.77 10.05(10) >0.05 
 96 150 0.24(0.12-923.58) 1.10 ± 0.48 7.24(10) >0.05 
EDLM 48 150 a - - - 
 72 150 0.19(0.12-1.00) 1.96 ± 0.62 6.22(10) >0.05 
 96 150 0.11(0.07-0.58) 1.22 ± 0.45 8.40(10) >0.05 
LDLA 48 150 0.17(0.12-0.48) 3.08 ± 0.96 5.45(10) >0.05 
 72 150 0.09(0.07-0.11) 3.11 ± 0.61 7.87(10) >0.05 
 96 150 0.06(0.05-0.07) 2.54 ± 0.49 5.58(10) >0.05 
LDLR 48 150 0.82(b) 1.27 ± 0.75 8.46(10) >0.05 
 72 150 0.12(0.09-0.21) 2.53 ± 0.62 9.41(10) >0.05 
 96 150 0.05(0.03-0.07) 1.71 ± 0.44 6.50(10) >0.05 
EDLA: Addo Eureka dried leaf; EDLR: Riverside Eureka dried leaf; EDLM: Mystic Eureka dried leaf; LDLA: Addo Lisbon dried leaf; LDLR: Riverside Lisbon dried 
leaf. LC50 values (concentration causing 50% mortality); log concentrations in µL/mL air were used to calculate the LC50 values; n=3 replicates of 10 maize 
weevils. aLC50 values are not computed for this essential oil because the ratios of response counts to subject counts are the same, i.e. the slope is zero  
bSlope is not significantly different from zero; LC50 confidence limits cannot be computed.  
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After 24 hours of exposure all studied C. limon essential oils did not show any 
fumigant effect against S. zeamais, they showed their fumigant activity only after 48 
hours hence results were recorded from 48 hours (Tables 4.4-4.5). It has been 
reported that C. limon peel essential oil was found to have non effective fumigant 
activity against rice weevils after 24 hours of exposure (Yazdgerdian et al., 2015). The 
C. limon leaf essential oil was also found not effective during the same period on bean 
weevils (Karaborku et al., 2010). In another study by Vendan et al., on rice weevil, the 
essential oil was not effective after 24 hours of exposure and moderatly effective after 
48 hours and revealed high effectiveness as time increased (Vendan et al., 2017). 
From our current study, we found that our C. limon essential oils followed the same 
pattern as reported above on maize weevil which has not been reported before in 
literature. Nonetheless, Addo Eureka dried peel essential oil exhibited the highest 
fumigant toxicity effect compared to all other peel essential oils, while Lisbon dried 
leaf essential oils from both farms exhibited highest fumigant effect compared to all 
other studied C. limon leaf essential oils. 
The fumigant toxicity demonstrated on Eureka peel and Lisbon leaf essential oils is 
possible due to the presence of sabinene, -pinene and oxygenated monoterpenes 
compared to Riverside Eureka dried leaf which is the less effective. Previous study on 
-pinene had shown fumigant toxicity against S. zeamais adults, while sabinene has 
also been reported to have the strongest fumigant toxicity against S. zeamais with 
LC50 value of 9.12 mg/L (Chu et al., 2012; Wang et al., 2011).   
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4.4.2.2 Comparative fumigant effect of C. limon essential oil concentration 
over time 
The comparison of fumigant toxicity effect of C. limon peel and leaf essential oils after 
48, 72 and 96 hours of exposure was done for ‘32 µL and 40 µL’ concentrations by 
ANOVA. The significant results were further compared using Duncan test (Figure 4.7).  
At 32 µL there was no significant difference between all C. limon essential oils and 
control after 48 hours. At 72 hours there was still no significant difference between 
both Lisbon lemon dried peel essential oils from Addo and Riverside and the control. 
There was similar response at 72 hours however for Mystic and Addo Eureka peel 
essential oils, while the Riverside Eureka peel essential oil (33.33 ± 3.33%)  was 
significant different to Mystic (46.67 ± 3.33%) and Addo (56.67 ± 3.33%) dried peel 
essential oils.  Riverside Lisbon dried peel and Addo Lisbon dried peel essential oils 
showed no significance difference after 24 to 96 hours of exposure (Figure 4.7A).  
At 40 µL Addo Eureka peel essential oil (70.00 ± 10.00% and 83.33 ± 8.82%) was 
significant different to Mystic peel essential oil (53.33 ± 12.02%) and Riverside Eureka 
peel essential oils ( 53.33 ± 12.02% and 66.67 ± 8.82%) which had similar response 
after 72 and 96 hours. Eureka leaf essential oils were significantly different to each 
other after 48 hours of exposure, however there was similar response Addo and 
Riverside Lisbon essential oils. Addo Lisbon dried peel essential oil (40.00 ± 5.77% 
and 46.67 ± 3.33%) higher mortality percentage than Riverside Lisbon dried peel 
essential oil (10.00 ± 5.77% and 33.33 ± 6.67%) at 48 and 72 hours and they were 
therefore significantly different, although they exhibited similar response after 96 
hours (Figure 4.7B). 
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There was no significant difference between all Eureka leaf essential oils at 32 µL after 
48, 72 and 96 hours although, for all essential oils the toxicity effect was proportional 
to the time of exposure. Addo and Riverside Lisbon leaf essential oils showed no 
significant difference between each other after 48 and 96 hours (Figure 4.8A). At 40 
L there was no significant difference between Addo, Riverside and Mystic Eureka 
dried leaf essential oils after 24 hours, while after 48 and 72 hours Mystic Eureka leaf 
essential oil (10.00 ± 0.00% and 40.00 ± 5.77%) exhibited high mortality than the 
other two Eureka leaf essential oils which had no mortality after 48 hours. But after 72 
hours, Addo Eureka leaf and Riverside Eureka leaf essential oils both showed a 
mortality response of (23.33 ± 3.33%) and for that Mystic Eureka leaf essential oil 
was significantly different to Addo and Riverside Eureka leaf essential oils.  
After 48 and 72 hours (40 µL) Lisbon leaf essential oils were significant different to 
each other, Addo Lisbon essential oil (36.67 ± 6.67% and 70.00 ±5.77%) exhibited 
high mortality than Riverside Lisbon essential oil (10.00 ± 5.77% and 50.00 ± 
5.77%). Although there was no significant difference between Addo and Mystic Lisbon 
dried leaf essential oils at 92 hours, nonetheless, the Mystic Eureka dried leaf essential 
oil (63.33 ± 3.33%) was significantly different to the Addo and Riverside Eureka leaf 
essential oils which showed the same mortality rate (40.00 ± 5.77%) (Figure 4.8B). 
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EDPA: Addo Eureka dried peel; EDPR: Riverside Eureka dried peel; EDPM: Mystic Eureka dried peel; 
LDPA: Addo Lisbon dried peel; LDPR: Riverside Lisbon dried peel. Means followed by the same letter 
in a column do not significantly differ by Duncan test p<0.05; *: control. 
Figure 4.7: Fumigant assay ANOVA results comparing the effect of C. limon peel 
essential oils  against S. zeamais after 48, 72 and 96 hours at concentration 32 
µL(A) and 40 µL(B).  
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EDLA: Addo Eureka dried leaf; EDLR: Riverside Eureka dried leaf; EDLM: Mystic Eureka dried leaf; 
LDLA: Addo Lisbon dried leaf; LDLR: Riverside Lisbon dried leaf.  Means followed by the same letter 
in a column do not significantly differ by Duncan test p<0.05; *: control. 
Figure 4.8:  Fumigant assay ANOVA results comparing the effect of C. limon peel 
essential oils  against S. zeamais after 48, 72 and 96 hours at concentration 32 
µL(A) and 40 µL(B).  
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4.4.3 Contact assay  
A total of nine C. limon (five peels and four leaf) essential oils were tested for 
contact toxicity effect against S. zeamais due to shortage of oil and the fact that the 
harvesting period was over. Contact toxicity of C. limon essential oils was subjected 
to the probit analysis to calculate their insecticidal potential against S. zeamais. 
 
4.4.3.1 Contact toxicity effect of C. limon essential oil concentration over 
time 
The LC50 values and the corresponding confidence intervals were determined for 
South African C. limon essential oils through introduction of S. zeamais on treated 
maize. The contact toxicity effect of C. limon peel and leaf essential oils against S. 
zeamais for 24 -72 hours time interval is shown in Tables 4.6 to 4.7 below.  
All the C. limon peel essential oils showed contact toxicity against S. zeamais with 
LC50s ranging between 0.69 µL/g to 2.45 µL/g during the period of 24 to 72 hours. 
Lethal activity after 72 hours of exposure was highest in Riverside Eureka dried peel 
Sessential oil (0.69 µL/g) and lowest in Addo Lisbon dried peel essential oil (1.39 
µL/g) (Table 4.6). All the C. limon leaf essential oils showed contact activity against 
S. zeamais with LC50s ranging between 0.94 µL/g to 4.96 µL/g during the period of 
24 to 72 hours. Lethal activity after 72 hours of exposure was highest in Riverside 
Lisbon dried leaf essential oil (0.94 µL/g) and lowest in Addo Eureka dried leaf 
essential oil (2.51 µL/g) (Table 4.7). 
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Table 4.6: Contact toxicity effect of C. limon peel essential oils against S. zeamais  
Essential oils Exposure period 
(h) 
No of weevil tested LD50(95% CI) (µL/g)  Slope ± SE 2 (df) P-values 
EDPA 24 300 1.36(1.05-1.62) 3.08 ± 0.44 10.98(10) >0.05 
 48 300 0.98(0.65-1.20) 3.89 ± 0.83 3.40(10) >0.05 
 72 300 1.01(b) 8.96 ± 8.30 2.51(10) >0.05 
EDPR 24 300 1.84(1.02-2.55) 2.12 ± 0.32 21.31(10) <0.05 
 48 300 1.09(0.30-1.69) 1.94 ± 0.35 20.38(10) <0.05 
 72 300 0.69(0.27-1.04) 2.06 ± 0.45 9.91(10) >0.05 
EDPM 24 300 1.82(0.94-2.56) 2.35 ± 0.33 27.96(10) <0.05 
 48 300 0.86(0.47-1.10) 3.98 ± 0.98 3.88(10) >0.05 
 72 300 0.79(0.41-1.09) 2.56 ± 0.52 6.62(10) >0.05 
LDPA 24 300 2.02(1.76-2.27) 4.07 ± 0.46 8.29(10) >0.05 
 48 300 1.66(1.41-1.89) 3.82 ± 0.49 10.80(10) >0.05 
 72 300 1.39(0.95-1.74) 3.34 ± 0.47 15.33(10) >0.05 
LDPR 24 300 2.45(1.82-3.14) 3.50 ± 0.37 28.10(10) <0.01 
 48 300 1.70(1.48-1.91) 4.38 ± 0.57 10.75(10) >0.05 
 72 300 1.38(1.19-1.55) 5.13 ± 0.82 2.32(10) >0.05 
EDPA: Addo Eureka dried peel; EDPR: Riverside Eureka dried peel; EDPM: Mystic Eureka dried peel; LDPA: Addo Lisbon dried peel; LDPR: Riverside Lisbon 
dried peel. aLC50 values are considered significantly different when the 95% confidence intervals (CI) do not overlap; Log concentrations in L/g air were 
used to calculate the LC50 values; n=3 replicates of 20 maize weevils; bSlope is not significantly different from zero, LC50 confidence limits cannot be 
computed 
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Table 4.7: Contact toxicity effect of C. limon leaf essential oils against S. zeamais  
EOs Exposure period (h) No of tested weevils LD50(95% CI) (µL/g) Slope ± SE 2 (df) P-values 
EDLA 24 300 3.61(2.95-4.40) 4.28±0.44 22.68(10) <0.05 
 48 300 3.01(2.69-3.36) 4.54±0.45 12.21(10) >0.05 
 72 300 2.51(2.02-3.05) 4.21±0.43 21.83(10) >0.05 
EDLR 24 300 4.96(3.48-8.23) 3.10±0.38 46.83(10) <0.001 
 48 300 3.68(2.48-5.71) 2.73±0.34 40.67(10) <0.001 
 72 300 2.47(1.72-3.26) 2.46±0.32 21.41(10) <0.05 
LDLA 24 300 4.09(3.01-5.61) 3.94±0.44 42.02(10) <0.001 
 48 300 3.19(2.44-4.11) 2.91±0.34 21.84(10) <0.05 
 72 300 2.39(1.76-3.02) 2.92±0.35 20.41(10) <0.05 
LDLR 24 300 1.80(1.19-2.32) 1.63±0.30 9.19(10) >0.05 
 48 300 1.04(0.53-1.47) 1.67±0.33 5.49(10) >0.05 
 72 300 0.94(0.54-1.26) 2.30±0.42 12.32(10) >0.05 
EDLA: Addo Eureka dried leaf; EDLR: Riverside Eureka dried leaf; LDLA: Addo Lisbon dried leaf; LDLR: Riverside Lisbon dried leaf. aLC50 values are considered 
significantly different when the 95% confidence intervals (CI) do not overlap; log concentrations in L/g air were used to calculate the LC50 values; n=3 
replicates of 20 maize weevils. 
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Except for the Riverside Lisbon dried leaf essential oils, all other leaf essential oils 
showed similar toxicity effects against S. zeamais after 48 and 72 hours (Table 4.7). 
The highest toxicity effect in Riverside Lisbon dried leaf is believed to be due to the 
highest percentage of esters (8.7-9.1%) such as neryl acetate, geranyl acetate, linalyl 
acetate and borynl acetate which have been reported to have strong toxicity effect to 
insects (Dambolena et al., 2016; Yildirim et al., 2013). Monoterpenes including mainly 
D-limonene, -pinene and sabinene have also been reported to possess toxicity effect 
against insects (Dambolena et al., 2016). 
 
4.4.3.2 Comparative contact toxicity effect of C. limon essential oil 
concentration over time 
ANOVA results comparing the effect of C. limon essential oils at 48 and 72 days, at 
concentrations 50 µL and at 24, 48 and 72 hours for 100 µL, 200 µL and 300 µL are 
shown on Figure 4.9 - 4.10 below. 
After 48 and 72 hours at 50 µL, all Eureka dried peel essential oils showed no 
significant difference between each other and also Lisbon dried peel essential oils 
showed similar response during the same interval (Figure 4.9A).  At 100 µL after 48 
hours, there was no statistical significant difference between Addo and Mystic peel 
essential oils, while Riverside Eureka peel essential oil (66.67 ± 8.82%) was less 
effective compared to Addo (85.00 ± 12.58%) and Mystic (86. 67 ± 4.41%)  peel 
essential oils. Addo and Riverside Lisbon peel essential oils had similar response after 
48 hours, whereas after 24 and 72 hours both Addo (55.00 ± 2.89% and 66.67 ± 
3.33%) and Riverside (36.67 ± 8.82% and 90.00 ± 2.89%). Lisbon essential oils were 
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significant different (Figure 4.9B). At 200 µL after 24 hour of exposure Addo Eureka 
dried peel essential oil (93.33 ± 4.41%) showed the highest toxicity against S. 
zeamais for that reason it was significant different to the Riverside (71.67 ± 6.01%) 
and Mystic (71.67 ± 11.67%) peel essential oils which had similar response. After 48 
hours however, all Eureka peel essential oils were significant different to each other, 
while after 72 hours both Addo and Mystic Eureka dried leaf essential oils had 100% 
mortality rate and on the other hand, Riverside Eureka dried peel essential oil (96.67 
± 1.67%) was significantly different to the other two (Figure 4.9C). At 300 µL no 
significant difference was observed between Eureka peel essential oils and this also 
applies to Eureka leaf essential oils (Figure 4.9D). 
There was no significant difference between the two studied Eureka leaf essential 
oils at 50 µL after 48 hours, while after 72 hours Riverside Eureka dried leaf 
essential oil (26.67 ± 3.33%) exhibited high mortality than Addo Riverside Eureka 
leaf essential oil (15.00 ± 2.89%), hence there was significant difference between 
Eureka essential oils. Riverside Lisbon dried leaf essential oil (60.00 ± 2.89% and 
63.33 ±3.33%) had the highest mortality rate than Addo Lisbon leaf essential oil 
(11.67 ± 6.01% and 18.33 ± 3.33%) after 48 and 72 hours of exposure, hence 
there was significant difference (Figure 4.10A). At 100 µL Riverside Lisbon dried leaf 
essential oil (51.67 ± 4.41% to 81.67 ± 7.26%) had mortality range while Addo 
Lisbon dried leaf essential oil molality range was 30.00 ± 18.03% to 43.33 ± 
10.93% at this concentration after 24 to 72 hours. This result shows the significant 
difference between the two Lisbon essential oils (Figure 4.10B). The significant 
difference was observed after 24, 48 and 72 hours at 200 µL, where Addo Eureka 
dried leaf essential oil (60.00 ± 2.87% to 90.00 ± 5.77%) exhibited the high 
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mortality rate compared to Riverside Eureka dried leaf essential oil (21.67 ± 10.14% 
to 60.00 ± 5.00%) after 24 to 72 hours. The Riverside Lisbon dried leaf essential oil 
(81.67 ± 4.41% to 93.33 ± 4.41%) had high mortality than Addo Lisbon dried leaf 
essential oil (48.33 ± 7.26% to 70.00 ± 7.64%) and for that reason there was no 
significant different between these essential oils (Figure 4.10C). The only significant 
difference observed at 300 µL was between Addo Eureka dried leaf essential oils and 
Riverside Lisbon dried leaf essential oil after 24 hours of exposure, where Addo 
Eureka dried leaf essential oil had 100% mortality rate while Riverside Eureka dried 
leaf essential oil (91.67 ± 6.01%) (Figure 4.10D). 
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Figure 4.9. Cont. 
112 
 
24 48 72
0
50
100
150
Exposure time (h)
1
0
0

L
 M
o
rt
a
li
ty
 (
%
) Control
EDPA
EDPR
EDPM
LDPA
LDPR
a
*
d
a
*
a
*
c
d
c
b
d
c
d
c
c
e
c
e
c
d
B
 
24 48 72
0
50
100
150
Exposure time (h)
2
0
0

L
 M
o
rt
a
li
ty
 (
%
) Control
EDPA
EDPR
EDPM
LDPA
LDPR
a
*
a
*
a
*
d
c
c
d e e
c
d e e e d e e e
C
 
Figure 4.9. Cont. 
 
113 
 
   
24 48 72
0
50
100
150
Exposure time (h)
3
0
0

L
 M
o
rt
a
li
ty
 (
%
) Control
EDPA
EDPR
EDPM
LDPA
LDPR
a
*
e e e e e
D
* *
 
EDPA: Addo Eureka dried peel; EDPR: Riverside Eureka dried peel; EDPM: Mystic Eureka dried peel; 
LDPA: Addo Lisbon dried peel; LDPR: Riverside Lisbon dried peel. Means followed by the same letter 
in a column do not differ significantly by Duncan test p<0.05; *: control. 
Figure 4. 9:Comparison of contact toxicity of C. limon peel essential oils against S. 
zeamais for concentration 50 µL(A), 100 µL(B), 200 µL(C) and 300 µL(D). 
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Figure 4.10. Cont.
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EDLA: Addo Eureka dried leaf; EDLR: Riverside Eureka dried leaf; LDLA: Addo Lisbon dried leaf; LDLR: 
Riverside Lisbon dried leaf. Means followed by the same letter in a column do not differ significantly by 
Duncan test p<0.05; *: control. 
Figure 4.10: Comparison of contact toxicity of C. limon leaf essential oils against S. 
zeamais for concentration 50 µL(A), 100 µL(B), 200 µL(C) and 300 µL(D).  
 
4.4.4 Powder assay results 
A total of eight C. limon powder were tested against S. zeamais, unfortunately all four 
leaf powders were not effective to S. zeamais. In the four tested C. limon peel powders 
only Riverside Eureka peel powder had slightly high mortality range (10.67 - 69.33%), 
while the effectiveness of all other peel powder was less than 30% (Figure 4.11). 
There is no significant difference between all four studied peel powders at 0.5 g, while 
at other concentrations, only Riverside Eureka dried peel was statistically significantly 
different to all other peel powders. 
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EDPA: Addo Eureka dried peel; EDPR: Riverside Eureka dried peel; LDPA: Addo Lisbon dried peel; LDPR: 
Riverside Lisbon dried peel. Means followed by the same letter in a column do not significantly differ by 
Duncan test at p<0.05; *: control. 
Figure 4.11: Effectiveness of C. limon peel powder against S. zeamais. 
 
The C. limon peel powder was reported to be less effective against S. zeamais after a 
month and very effective after two months but there was no relationship between 
citrus powder quantity and mortality, while in this study only one peel powder exhibited 
toxicity within 5 days (Mbah and Okoronkwo, 2008). 
 
4.5 Conclusion 
In conclusion the presence of monoterpenes and oxygenated monoterpenes in high 
content for all Eureka and Lisbon lemon essential oils studied, had positive effect 
showing high toxicity on maize weevil. The C. limon essential oils (peel and leaf) 
117 
 
possessed strong contact and fumigant toxicity and moderate repellent effect against S. 
zeamais.  
In most cases Addo and Mystic (Eureka) essential oils possessed similar responses 
although they were collected from different provinces. It has been noticeable that Eureka 
peel essential oils revealed a high toxicity effect than Lisbon peel essential oils, while 
Lisbon leaf essential oils were more toxic than Eureka leaf essential oils. The findings of 
this study suggest that the C. limon peel and leaf essential oils has the potential of being a 
natural insecticide and repellents agent to control insect stored postharvest maize.  
 
References  
Arena, J.S., Peschiutta, M.L., Calvimonte, H. & Zygadlo, J.A. (2017). Fumigant and 
repellent activities of different essential oils alone and combined against the maize 
weevil (Sitophilus zeamais motschulsky). MOJ Bioorganic & Organic Chemistry, 1(7): 
249-253.  
Asawalam, E. F. & Onu, L. (2014). Evaluation of some plant powders against Khapra 
beetle (Trogoderma granarium Everts) (Coleoptera: Dermestidae) on stored 
groundnut. Advancement in Medicinal Plant Research. 2(2): 27-33. 
Belmain, S.R. & Stevenson, P.C. (2001). Ethnobotanicals in Ghana: reviving and 
modernising an age-old practise. Pesticide Outlook, 6: 233-238. 
Chu, S.S., Liu, Z.L., Du, S.S. & Deng, Z.W. (2012). Article Chemical composition and 
insecticidal activity against Sitophilus zeamais of the essential oils derived from 
Artemisia giraldii and Artemisia subdigitata. Molecules, 17: 7255-7265. 
118 
 
Dambolena, J.S., Zunino, M.P., Herrera, J.M., Pizzolitto, R.P., Areco, V.A. & Zygadlo, 
J.A. (2016). Terpenes: Natural Products for Controlling Insects of Importance to Human 
Health-A Structure-Activity Relationship Study. Hindawi Publishing Corporation, 1-18. 
Ileke, K.D. & Oni, M.O. (2011). Toxicity of some plant powders to maize weevil, 
Sitophilus zeamais (motschulsky) [Coleoptera: Curculiondae] on stored wheat grains 
(Triticum aestivum). African Journal of Agricultural Research, 6(13): 3043-3048. 
Karaborklu, S., Ayvaz, A. & Yilmaz, S. (2010). Bioactivities of different essential oils 
against the adults of two stored product insects. Pakistan Journal of Zoology, 42(6): 
679-686.  
Mbah, O.I. & Okoronkwo, M.O. (2008). An assessment of two plant product efficacy for 
the control of the maize weevil (Sitophilus zeamais Motschulsky) in stored maize. 
African Journal of Agricultural Research, 3 (7): 494-498. 
Moreira, D., Picanco, M.C., Barbosa, L.C.A., Guedes, R.N.C., Campos, R.M., Silva, G.A. 
& Martins, J.C. (2007). Plant compounds insecticide activity against Coleoptera pests of 
stored products. Pesq. agropec. bras, Brasília, 42(7): 909-915. 
Nchu, F., Magano, S.R. & Eloff, J.N. (2016). Repellent activities of dichloromethane 
extract of Allium sativum (garlic) (Liliaceae) against Hyalomma rufipes (Acari). Journal 
of the South African Veterinary Association, 87(1): 1-5. 
Nerio, L.S., Olivero-Verbel, J. & Stashenko, E. (2010). Repellent activity of essential oils: 
A review. Bioresource Technology, 101: 372-378. 
Oben, E.O., McConchie, R., Phan-Thien, K. & Ntonifor, N.N. (2015). Essential oil 
composition of different fractions of Piper guineense Schumach. ET Thonn from 
119 
 
Cameroon using gas chromatography-mass spectrometry and their insecticidal effect on 
Sitophilus oryzae (L.). African Journal of Biotechnology, 14(36): 2662-2671.  
Oshaghi, M.A., Ghalandari, R., Vatandoost, H., Shayeghi, M., Kamali-nejad, M., 
Tourabi-Khaledi, H., Abolhassani, M. & Hashemzadeh, M. (2003). Repellent effect of 
extracts and essential oils of Citrus limon (Rutaceae) and Melissa officinalis (Labiatae) 
against main Malaria vector, Anopheles stephensi (Diptera: Culicidae) Iranian Journal of 
Public Health, 32(4): 47-52.  
Peebles, J., Gwebu, E., Oyedeji, O., Nanyonga, S., Kunene, N., Jackson, D., Setzer, W. 
& Oyedeji, A. (2011). Composition and biological potential of essential oil from 
Thelechitonia trilobata growing in South Africa. Natural Product Communications, 12(6): 
1945-1948.  
Reis, S.L., Mantello, A.G., Macedo,J.M., Gelfuso, E.A., da Silva, C.P., Fachin, A.L., 
Cardoso, A.M. & Beleboni, R.O. (2016). Typical monoterpenes as insecticides and 
repellents against stored grain pests. Molecules, 21(258): 1-10. 
Suthisut, D. Fields, P.G. & Chandrapatya, A. (2011).  Fumigant toxicity of essential oils 
from three Thai plants (Zingiberaceae) and their major compounds against Sitophilus 
zeamais, Tribolium castaneum and two parasitoids. Journal of Stored Products 
Research, 47: 222-230. 
Tagne, A., Feujio, T.P. & Sonna, C. (2008). Essential oil and plant extracts as potential 
substitutes to synthetic fungicides in the control of fungi. ENDURE International 
Conference, Diversifying crop protection, 1-3.  
120 
 
Tapondjou, L.A., Adler, C., Bouda, H. & Fontem, D.A. (2002). Efficacy of powder and 
essential oil from Chenopodium ambrosioides leaves as post-harvest grain protectants 
against six-stored product beetles. Journal of Stored Products Research, 38(4): 395–
402. 
Vendan, S.E., Manivannan, S., Sunny, A.M. & Murugesan, R. (2017). Phytochemical 
residue profiles in rice grains fumigated with essential oils for the control of rice weevil.  
PLoS One 12(10): e0186020. 
Wang, C.F., Yang, K., Zhang, H.M., Jie Cao, J., Fang, R., Liu 2, Z.L., Du, S.S., Wang, 
Y.Y., Deng, Z.W. & Zhou, L. (2011). Components and Insecticidal Activity against the 
Maize Weevils of Zanthoxylum schinifolium Fruits and Leaves. Molecules, 16: 3077-
3088. 
Yazdgerdian, A.R., Akhtar, Y. & Isman, M.B. (2015). Insecticidal effects of essential oils 
against woolly beech aphid, Phyllaphis fagi (Hemiptera: Aphididae) and rice weevil, 
Sitophilus oryzae (Coleoptera: Curculionidae). Journal of Entomology and Zoology 
Studies, 3 (3): 265-271. 
Yildirim, E., Emsen, B. & Kordali, S. (2013). Insecticidal effects of monoterpenes on 
Sitophilus zeamais Motschulsky (Coleoptera: Curculionidae). Journal of Applied Botany 
and Food Quality, 86: 198-204.  
 
121 
 
Chapter 5 
Conclusion and Recommendations 
5.1 General conclusion 
Lemon production in South Africa increases with about 6% every year and their trees 
are pruned every year allowing the leaves to decompose. Although there has not been 
any report on South African citrus leaf and peel essential oils in terms of its chemical 
constituents or its biological uses.  Reports from other citrus growing countries have 
reported much study on the peel oils than on the leaf oils exhibiting, a number of 
biological activities including anti-inflammatory, antioxidant,  antiviral,  antimicrobial etc.  
In this study South African C. limon leaf essential oils have been found to be rich in a 
number of useful compounds, mainly monoterpenes and their derivatives with D-
limonene as the main compound for all leaf essential oils. Monoterpenes including 
mainly D-limonene, -pinene and sabinene have been reported to possess toxicity 
effect against insects. Other compounds such as neryl acetate, geranyl acetate, linalyl 
acetate and borynl acetate which were present in the C. limon leaf essential oils have 
been reported to have strong toxicity effect to insects (Dambolena et al., 2016; Yildirim 
et al., 2013). These compounds were present in noticeable percentages in the C. limon 
leaf essential oils, and their toxicity levels was also related to the essential oil 
concentration (Dambolena et al., 2016).  
It has been observed that Eureka peel essential oils possessed higher toxicity effect on 
maize weevils than Lisbon peel essential oils, while Lisbon leaf essential oils were more 
toxic than Eureka leaf essential oils. Although the C. limon peel powder killed less than  
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30% of S. zeamais in the first few days, higher mortality rate was observed after 5 
days suggesting its use as a post-harvest preservation method for long periods of time. 
On the other hand, C. limon essential oils can be used in either low or high 
concentration depending on preservation period. Although insecticidal activities of C. 
limon essential oil against S. zeamais has never been reported, C. limon peel and leaf 
essential oils have been reported to exhibit insecticidal activities against Sitophilus 
oryzea, Acanthoscelides obtectus and Phyllaphis fagi (Vendan et al., 2017; Yazdgedian 
et al., 2015; Karaborklu et al., 2010). Nonetheless peel and leaf powders did not show 
significant toxicity effects hence after 5 days except for one peel powder, this response 
also collates with the C. limon powders against Sitophilus oryzea and Sitophilus zeamais 
which was only effective after 2 months (Azis et al., 2016; Mbah and Okoronkwo, 
2008). 
 
5.2 Recommendations 
Citrus peels have been found to be useful in providing low cost high energy cattle feed, 
while leaves are allowed to decompose with their chemical constituents (Negro et al., 
2016). In this study C. limon leaf essential oils have been found to constitute a number 
of useful compounds, it is therefore recommended as part of the outcomes of this 
study, that citrus waste should be investigated further on a larger scale for producing 
accessible, readily available insecticide which will ether drive away or kill stored grain 
insects. It is also recommended that more research should be conducted to search for 
other biological activities of C. limon leaf, as a number of compounds such as limonene 
is known to possess a number of biological activities and well known for its antiviral 
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properties. For example, limonene has been reported as liver detoxifier and its use in 
preventing tumour development (Sandra et al., 2007).   
This study suggests the need to convert these wastes and by-products into commercial 
products for socio-economic and environmental benefits.   
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Appendix 
 
Appendix 1: GC-MS chromatogram of Addo Eureka fresh peel essential oil (2017)
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Appendix 2: GC-MS chromatogram of Riverside Eureka fresh peel essential oil (2017) 
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Appendix 3: GC-MS chromatogram of Mystic eureka fresh peel essential oil (2017) 
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Appendix 4: GC-MS chromatogram of Addo Eureka dried peel essential oil (2017) 
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Appendix 5: GC-MS chromatogram of Riverside Eureka dried peel essential oil (2017) 
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Appendix 6: GC-MS chromatogram of Mystic Eureka dried peel essential oil (2017) 
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Appendix 7: GC-MS chromatogram of Addo Eureka fresh peel essential oil (2018) 
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Appendix 8: GC-MS chromatogram of Riverside Eureka fresh peel essential oil (2018) 
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Appendix 9: GC-MS chromatogram of Addo Eureka dried peel essential oil (2018) 
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Appendix 10: GC-MS chromatogram of Riverside Eureka dried peel essential oil (2018) 
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Appendix 11: GC-MS chromatogram of Addo Eureka fresh leaf essential oil (2017) 
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Appendix 12: GC-MS chromatogram of Riverside Eureka fresh leaf essential oil (2017) 
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Appendix 13: GC-MS chromatogram of Mystic Eureka fresh leaf essential oil (2017) 
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Appendix 14: GC-MS chromatogram of Addo Eureka fresh leaf essential oil (2018) 
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Appendix 15: GC-MS chromatogram of Riverside Eureka fresh leaf essential oil (2018) 
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Appendix 16: GC-MS chromatogram of Addo Eureka dried leaf essential oil (2017) 
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Appendix 17: GC-MS chromatogram of Riverside Eureka dried leaf essential oil (2017) 
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Appendix 18: GC-MS chromatogram of Mystic Eureka dried leaf essential oil (2017) 
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Appendix 19: GC-MS chromatogram of Addo Eureka dried leaf essential oil (2018) 
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Appendix 20: GC-MS chromatogram of Riverside Eureka dried leaf essential oil (2018) 
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Appendix 21: GC-MS chromatogram of Addo Lisbon fresh peel essential (2017) 
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Appendix 22: GC-MS chromatogram of Riverside Lisbon fresh peel essential oil (2017) 
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Appendix 23: GC-MS chromatogram of Addo Lisbon fresh peel essential oil (2018) 
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Appendix 24: GC-MS chromatogram of Riverside Lisbon fresh peel essential oil (2018) 
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Appendix 25: GC-MS chromatogram of Addo Lisbon dried peel essential oil (2017) 
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Appendix 26: GC-MS chromatogram of Riverside Lisbon dried peel essential (2017) 
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Appendix 27: GC-MS chromatogram of Addo Lisbon dried peel essential oil (2018) 
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Appendix 28: GC-MS chromatogram of Riverside Lisbon dried peel essential oil (2018) 
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Appendix 29: GC-MS chromatogram of Addo Lisbon fresh leaf essential (2017) 
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Appendix 30: GC-MS chromatogram of Riverside Lisbon fresh leaf essential oil (2017) 
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Appendix 31: GC-MS chromatogram of Addo Lisbon fresh leaf essential oil (2018) 
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Appendix 32: GC-MS chromatogram of Riverside Lisbon fresh leaf essential oil (2018) 
 
157 
 
Appendix 33: GC-MS chromatogram of Addo Lisbon dried leaf essential oil (2017) 
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Appendix 34: GC-MS chromatogram of Riverside Lisbon dried leaf essential oil (2017) 
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Appendix 35: GC-MS chromatogram of Addo Lisbon dried leaf essential oil (2018) 
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Appendix 36: GC-MS chromatogram of Riverside Lisbon dried leaf essential oil (2018) 
 
